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FOREWORD

The studies summarized in this report were performed by the
Boeing Vertol Company for the National Aeronautics and Space
Administration, Ames Research Center under NASA Contract NAS2
8048-4. Mr. T. Galloway was the NASA Technical Monitor over
the greater part of the program; Mr. G. Callas was the Techni-
cal Monitor for a short time at the beginning of the

program.

Mr. ®. R. Alexander was the Boeing Vertol Project Manager.

Dr. Anthony K. Amos was Project Engineer for methodology and
dynamic simulation development. Mr. J. P. Magee, Tilt Rotor
Program Manager, and M. A. McVeigh, who developed the basic
vehicle simulation, also made significant contributions. Very
substantial contributions were also made by George Knott and
Austin Mollenkoff of the Simulation Staff of Boeing Computer

Services.
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ABS1RACT

The response to vertical turbulence in cruise of the HTR
XV-15 design is studied. This design is a modified version of
the XV-15 with a hingeless fiberglass soft-in-plane
rotor system. The parameters of a gust alleviation system
are determined and the performance of the system is evaluated
over a range of cruise velocities and altitudes. The study
ic performed using simulation techniques and the mathematical
mecdel includes detailed dynamic representation of the wing
and rotor. Volume I is the summary report of the study, while
Volume II contains details of analytical and other data used

in the study.
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SUMMARY

This document reports a study of the gust response character-
istics and the design of an alleviation system for the HTR XV-15.
This tilt-rotor aircraft design is a version of the XV-15
which incorporates a 7.93m (26 foot) diameter soft-in-plane
hingeless rotor.
The need for gust alleviation in tilt-rotor aircraft is dis-
cussed in Section 1, and the position is taken that it will be
necessary for passenger acceptance of the concept because of
the relatively low altitude and, therefore, frequent occurrence
of turbulence. The need for inclusion of detailed rotor effects
is justified on the basis of the low frequency of the rotor
regression modes, and the possibility that alleviation of the
airframe response might at the same time increase the response
of the rotor system. A brief review of recent related work on
gust alleviation is given.
Simulation is used as the principal mode of investigation
because the contract had been initiated with the intenticn of
including a pilot in the loop for subjective evaluation of the
alleviation effectiveness. This necessitated development of
the simulator mathematical model to include rotor dynamics
(see Volume II) and of analytical methods discussed in

Appendix I to process simulator data for system design.
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An alleviation system was designed for a representative

speed and altitude case and evaluated over a range of cruise
altitudes and speeds. The system studied use flap and
elevator control activated by a suitably shaped signal from

an accelerometer located in the pilot cabin or a device
sensing angle of attack. Up to 70% alleviation in cabin
normal acceleration can be obtained with relatively simple
flap-elevator system characteristics. Rotor response tends to
remain approximately constant. Difficulties were experienced

when A; Bj cyclic control was added with the intention of

reducing the level of rotor response. This can be resolved
either by the use of additional sensing, (e.g., regulate
rotor response independently of normal acceleration or angle
of attack by direct sensing of hub moments) or by more
accurate matching of transfer functions calculated from the
methodology used in this study.

The present summary volume presents detailed derivation and
results for a typical flight cruise condition. Appendix I
gives an outline of methodology used to define alleviation
system characteristics and Appendix II presents additional
response and analysis data for the subject flight condition.
Volume II compiles basic response data, and required control
characteristics for a range of altitudes and speeds. Volume
II also contains details of the analytical approach to the
inclusion of rotor dynamic effects in the simulation mathemati-

cal model.
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INTRODUCTION

BACKGROUND

Recent studies of alternative vehicles for short-haul air
transportation concepts utilizing rotors (Reference 1)
suggest that the tilt-rotor configuration is an economi-
cally alternative candidate in this role. These studies
showed that the tilt rotor would have wing loadings similar
to modern fixed-wing transports because the configuration
derives its VTOL or STOL capability from the rotor. Thus,
in cruise flight the sensitivity of the tilt rotor to
vertical gusts would be of a similar magnitude tc that of
conventional fixed-wing transports. For several reasons
this represents less than a satisfactory ride quality
situation.

For example, the tilt-rotor aircraft in short-haul oper-
ation will cruise at altitudes in the 3,049-4,573m (10,000-
15,000 feet) range and the intensity and probability of
occurrence of severe turbulence, is therefore greater than
is the case with conventional long range transports which
typically cruise at much higher altitudes. In addition,
in short-haul operation there is little opportunity to
avoid reported turbulence regions by changes of course

or altitude.

It therefore seems likelv that alleviation of turbulence
response will be required since passenger acceptance

311 be related to the ride experienced in high altitude
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jet aircraft.

SEVERITY OF THE PROBLEM AND CCMPARISON WITH CONVENTIONAL

AIRCRAFT TYPES

Figure 1.1 shows an estimate of gust seasitivity levels

for the 100 passenger tilt-rotor transport studied in

Phase I of this contract and reported in Reference 1.

The gust sensitivity acceleration per unit gust expressed as
amplitude (g/ft/sec) varies inversely with gross weight.

At the optimum cruise altitude 381lm (12,500 feet) the

gust sensitivity is shown as exceeding the level specified
by more than 100%. However, these gust sensitivities were
derived from equivalent sharp-edged gust calculations

as defined in FAA regulations and various military
specifications.

A more widely accepted measure of ride quality is RMS
response to random turbulence. Figure 1.2 shows the RMS
response levels of an advanced version of the XV-15 tilt
rotor using a soft-in-plane 7.93m (26-foot) diameter Boeing rotor
system and compare it with the responses of several other
aircraft. The relationship of these levels to subjective
comfort levels are also shown in Figure 1.2. These

criteria for degrees of discomfort due to "g" levels -
are based on experimental work from a number of sources -
(summarized in Reference 2). Since these criteria are i
expressed in terms of RMS levels of continuous sinusoidal

vibration they may no*t adequately reflect adverse
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GUST SENSITIVITY : —

PARAMETER SOURCE: NASA CR 2450 -
an/ Ugg
03-|- - .10y
O GW = 47,500 LBS/21,546 Kg
O GW = 68,493 LBS/31,063 Kg
.08
'q'/m/s ‘g'/FT/SEC
.02 9
1 .06 | —
B o o
.04<>
o1 (0) (o)
.02 /
DES IRABLE
SENSITIVITY
0 10 20 X 103
ALTITUDE - FEET
_’ : o m
0 2 4 6 X 103

ALTITUDE - METERS

FIGURE 1.1. GUST SENSITIVITY WITHOUT ALLEVIATION OF A
LARGE TILT-ROTOR TRANSPORT



—
—
————
e et
e
—
——t

D210-11231-1

HTR XV-15 RMS VERTICAL ACCELERATION IN 6 FT/SEC RMS TURBULENCE AND
FLELATION TO COMFORT RATINGS DERIVED FROM GRCUND SIMULATION

EIRCRAFT WITH
10 TYPE RQ )
707 a
DC-6 A l
737 o . !
DHC'G v’ " E
HTR XV-15 © @ |
CG AFT—=FWD J
PAINFUL TO !
UNLEARABLE l
1.0}F |
|
“OTION ,%
STCKNLSS :
UNCOMFORTALLL
AFIC? 5 TO €3
MINUTES
0.1k op xv-13 A Y ;
WITH AND O i
wITHorT  \ N
RiS VERTICSL | RO CONTROL Y\
peerORATTION | I CRUISK
G's
.01} S
PERCEFTIRLE, 207
NOT UNCOMFORTADLE
.00l 3 4
.01 1.0 10 100

PRUEDONINALT FREQUENCY - N2

FIGURE 1.2. COMPARISON OF HTR XV-15 PILOT STATION VERTICAL
ACCELERATION WITH COMFORT RATINGS AND EXISTING
AIRCRAFT.



1.

2.

D210-11231~-1
reaction of passengers to occasional large peaks, and

.other criteria indicate that levels of less than .llg

1

RMS are desirable.

However, Figure 1.2 shows that the responsiveness of

t.ie HTR XV-15 in cruise to random vertical turbulence

is approximately the same as that of the DC-6, DHC-6 and
Boeing's 707 and 737. The reduction in response level
provided by gust alleviation systems is also shown in
Figure 1.2 for the HTR XV-15 and DHC-6. The selection

of a HTR XV-15 gust alleviation system is discussed in
other sections ¢f this report.

As noted above the altitude of operation and consequent
frequency of turbulence occurrence makes gust alleviation
desirable in the tilt-rotor configuration and DHC=-6 while
the longer range higher altitude transports are marginally

acceptable without alleviation.

Special Features of the Tilt-Rotor Configuration

Gust alleviation has been successfully implemented

in a number of commercial passencer aircraft by systems
employing main surface and empennage control motions
cgeared to sensors measuring the intensity of the tur-
bulence. It was expected that similar systems would be
effective for the tilt-rotor configuration flying in the
cruise mode, and such a system has been defined as

part of the study undertaken during the subject cont act.

However, the presence of large rotors with low structural

M
— o

S — LT - i R R
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frequencies raised a number of questions about the
response of the rotor blades and the potential impact

on the gust response of the vehicle. The rotor modal
frequencies (9-wf) and (9-wB) ,(associated with the
regressive lead-lag and out-of-plane bending respective-
ly), fall in the frequency range where there is a
reduced but still significant level of gust intensity.

An additional corcern is that these frequencies are not

widely separated from the frequency of the short period
mode of the aircraft which ranges from about 0.5 Hz in
the aft c.g. location at low speeds to frequencies
greater than 1.0 Hz in high speed, forward c.g. flight
conditions.

Availability of Rotor Cyclic Controls in Tilt Rotor

The presence of rotors and their control system present
opportunities as well as potential problems. It may be
asked whether cyclic or collective controls may be used
to supplement or replace flaps and elevators for gust
alleviation. 1In particular, can the cyclic controls

be used effectively tc reduce blade structural response
in turbulence. Questions to be answered include whether
a conventional gust alleviation system will worsen blade
response and how are rotor controls to be integrated
with a conventional control system to provide an
acceptable combination of reduced blade response and

improved ride quality.
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Potential Worsening of Rotor Response by Use of

Conventional Gust Alleviation System

Increased blade response might be anticipated as a result
of using direct 1lift devices such as flaps and spoilers
for gust alleviation., Since these systems reduce the
normal response of the aircraft waich has an alleviating
effect on angle of attack, it might be expected that
blade response would increase to the point where this
would need to be alleviated by the application of rotor
controls. This concern has to some extent been removed
by the results of the subject study, although the use

of rotor controls for general alleviation purposes has
been addressed.

OBJECTIVES OF CURRENT STUDY

As a3 result of these special features, a study was
initiated to address the following issues.

1. Evaluate magnitude of response to
random turbulence without alleviation;
identify preliminary design parameters
of a flap-elevator alleviation system,
and evaluate its performance.

2. What level of rotor response will be
experienced in turbulence and how signi-
ficant is it?

3. Will gust alleviation using flaps and

elevators worsen the rotor responses
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and necessitate additional cyclic

control systems to alleviate rotor
responses?

4, Conversely, will the performance of
a flap-elevator system, designed to
reduce cabin response, be adversely
affected by uncontrolled rotor
response?

5. Investigate preliminary design parameters
of a system using cyclic controls in
addition to flap and elevator, with
objective of alleviating rotor and airframe
response.

RECENT RELATED WORK ON GUST ALLEVIATION

Tilt Rotor Configuration

Recent work on the question of gust responsiveness

of tilt-rotor aircraft has concentrated on the

behavior of a cantilevered wing, rotor combination.
References 3, 4 and 5 give results of experimental

and analytical studies performed at the Aeroelastic

and Structures Research Laboratory of the Massachusetts
institute of Technology. In References / and 7,
Johnson and Frick lay down definitive groundwork

for the application of optimal control theory to

to the problem of prop-rotor/wing response to

vertical gusts. In Reference 7, Johnson shows that
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rigorous application of optimal control requires feed-
back from almost all the wing/rotor states, and

suggests as an alternative, the measurement of the
exciting disturbance from which good estimates of the
states may be obtained if an accurate model of the
system is available. He also shows that a single
controller, optimally designed for one speed condition,
operated efficiently over the entire cruise speed range.
He suggests that some programming of system parameters
with nacelle tilt or speed may be necessary for low
speed and transition conditions. He proposed as a

next step the investigation of the response of a complete
model of the aircraft including the rigid body flight
modes and detailed representation of the control

system,

Other Configurations

A number of studies of gust alleviation have appeared
recently for fixed wing and helicopter aircraft.
Reference 8 is a study of gust alleviation in short-
haul aircraft of fixed-wing configurations designed to
field lengths of 610m (2,000 Feet) and 914m (3,000
Feet). The effectiveness of gust load alleviation and
ride quality control system and the impact on aircraft
gross weight and price is evaluated. This study
differentiates between systems designed to alleviate
structural loads and those designed to less severe
ride quality improvement criteria.

9
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Results for a gust alleviation study of the DHC-6

Twin~Otter are given in Reference 9 and show that
substantial improvements in ride gquality are obtainable
for little additional cost.

Helicopter gust suppression techniques are studied
analytically for the CH-53 in Reference 10. These
results show that up to seventy-five percent of the
gust disturbances may be eliminated by the use of
optimally designed feedback system.

SCOPE OF CURRENT PROGRAM

The investigations of tilt rotor behavior discussed

above (Reference 7) apply powerful analytical

technology to the prediction of the behavior of the prop-
rotor/wing combinations. In the program reported here

a simulation approach has been adopted, and the rigid
body flight modes of the aircraft have been included

in the mathematical model along with wing and rotor

blade structural dynamics. The simulation model was
based on a detailed full force model of the HTR XV-15
developed under Task I of NAS2-8048-4R contract and
described fully in Reference 11, (Preliminary Simulation
of an Advanced Hingeless Rotor XV-15 Tilt-Rotor Aircraft",
M. A. McVeigh, NASA CR 151950, December 1976). A major
part of the current activity was the addition of rotor
and wing dynamics as optional features, and of the NASA

Ames gust generator for random turbulence along with the

10
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capability to include a variety of feedback system

parameters and shaping networks. The addition of rotor
and wing dynamic effects is discussed in detail in
Volume II. A simple approach to the definition of
system parameters was developed and this uses frequency
response data obtained from the simulation. Among the
reasons for the adoption of a simulator approach in this
investigation was a requirement to demonstrate the
effectiveness of the gust alleviation system with a
pilot in the loop: it subsequently became apparent

that the cycle time required for wing and rotor dynamics
was incompatible with real time simulation.

PRELIMINARY DISCUSSION OF RESULTS

The 240 Knot, 3,049m (10,000 Feet) condition was selected

for initial definition of a flap-elevator alleviation
system. The characteristics of the system selected were
compared with those estimated for a matrix of condition
over the range 200 to 280 Knots fram 1524 to 4572m (5,000 to 15,000
Feet)altitude at forward and aft center of gravity
locations. It was concluded that the requirements were
sufficiently similar over the complete range that one
set of system parameters might be expected to alleviate
at all conditions. Figures 1,3 and 1.4 show the re-
sponse of the principal variables without alleviation,
while Figures 1.5 and 1.6 shows the same set of

variables with the selected alleviation system working,

11

£ S B

e R IA

-5

.
iy



D210-11231-1
(3,049m) , FORWARD CG
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FLIGHT CONDITION: 240 KNOTS, 10,000 FEET, (3,049m), FORWARD CG
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D210-11231-1
A very high level of alleviation is achieved in cabin
normal acceleration., Pitching acceleration is reduced
by a lesser amount because the elevator gain 8E/g was
restricted by stability considerations; at the aft c.g.
condition, a long period instability develops at elevator
gain levels approaching those needed to provide equal
attenuation in pitching and normal acceleration response.
Improved shaping of the elevator feedback signal would
eliminate this restriction. The presence of the gust
alleviation system does not produce an appreciable diff=~
erence in the levels of blade loads or deflections.
This is significant. Earlier intuitive discussions of
gust alleviation by the use of flap for direct 1lift
control envisioned increased blade loads. It was thought
that these would occur as a result of the higher angles
of attack which would be caused by restraining vertical
acceleration. This reduces the natural alleviation of
gust angles of attack associa*ed with velocity of
response in the vertical direction. The simulatipn
showed this would occur if the aircraft is constrained
in pitch; however, when account is take of the pitching
response of the aircraft, the blade loads tend to remain
at a fairly constant level.
Cabin normal acceleration alleviation factors attained
by the flap-elevator system selected are shown in Tables

IA and IB. Table IA shows factors for peak accelerations

16
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D210-~-11231-1
while RMS levels are listed in Table IB, In this

system cabin acceleration is sensed and used as a
feedback signal which drives the flaps and elevators,
Suitable shaping is introduced so that the system

does not interfere with normal maneuvering commands,
while providing specified levels of alleviation. An
alternative system sensing fuselage angle of attack
was examined for a limited number of flight conditions
and was found to give similar results. Rotor response
was not found to be a problem and satisfactory
alleviation of cabin acceleration was demonstrated using
only flap and elevator controls. Nevertheless, the use

of A; and B; cyclic controls in conjunction with flap

and elevator was explored with a view to providing speci-
fied reductions in rotor hub moments and blade bending,
along with improved ;ehicle response. This investigation
was pursued even though blade respcnse turned out to be
less of an issue than preliminary reasoning had indicated,
because it is believed tha:t the use of rotor controls will
play an important part in the suppression of lateral
direction and assymetric turbulence. In the lateral case
rotor cyclic control may be envisioned as providing the
side force equivalent of direct lift control. That is

to say, A}, By cyclic and rudder would serve a similar

purpose in the lateral case to that of flap and elevator

in the vertical. However, the integration of all four

18
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controls, flap, elevator, Aj; and B; cyclic brought to
light a number of difficulties which are discussed in
Section 2.

In summary, preliminary design for a gust alleviation
system has been successfully accomplished for a :ilt-
rotor aircraft with a hingeless soft-in-plane rotor
system. The technical approach successfully identified
a system which provides satisfactory attenuation of
cabin normal and pitching acceleration responses:
further work is required on the use of cyclic controls
for the suppression of blade transient response and for
vehicle gust alleviation in a general turbulence
environment. Feedback signal shaping may be refined to
maximize stability margins and provide additional
attenuation of pitching response, if this is considered

necessary.
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2.0 TECHNICAL DISCUSSION

The problem addressed in this study is how the existing
controls of the aircraft may be used to provide a speci-
fied attenuation of the response of selected aircraft
variables. This was attempted at two levels. First,
flap and elevator controls only are considered with the
objective of reducing cabin normal acceleration and pitch-
ing acceleration; second, flap, elevator and the cyclic
controls together were applied with the objective of
reducing rotor hub pitching and yawing moments as well
as the aircraft accelerations.

Assuming that the transfer function of each of the
selected variables with respect to the gust and control
inputs are knrown, it is possible to derive the control
combination required to produce the desired effects in
the selected variables. These controls may in turn be
expressed in terms of some measure of the external dis-
turbance. This arrangement is shown schematically in
Figure 2.1. The response of the aircraft to a random

disturbance U, pilot commands Up and alleviates system

control input Vp is governed by an equation of the form

(A4 + [B] + [Clg = Fo U + Hg (Vp + Va)

or [G(s)lg F,U +Hy (Vp + Va)

where A, B, C and matrices of coefficients describing the

vehicle dynamics.
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D210-11231-1
Fo, and S, are matrix connecting inputs to generalized

forces in the aircraft variables, and
[G(s)] = [As? + Bs + C].
The task of an alleviation system is to automatically

provide control input Vg, such that the behavior of the

P
basic aircraft

q/u = 1/G
is modified to give a desired response characteristic

q/u = l/Gf
The problem then develops into one of identifying a suit-
able feedback transfer function [K(:) ].
In principle, this may be done analytically by algebraic
manipulation of the transfer functions. However, when
we are dealing with a multi-variable system and multiple
controls it seems preferable to solve arithmetically
for the control amplitudes and phases by repeated cal-
culation at discrete frequencies. These may subsequently
be converted to transfer function form. This method is
discussed in detail in Appendix A.

RESPONSE DATA ACQUISITION

In order to effect this identification of control re-
quirements, the frequency responses of the aircraft
variables of interest were determined by forcing the
simulation with sinusoidal inputs of gust flap elevator,

Al and Bl'
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Apart from the gust response, this is how one might
acquire much information during a fiight development
program. The experience of handling data of this type
was valuable because it displayed many of the features
which we would expect to be present in data reduced from
flight test records.

For example, errors in processing and scatter and other -
anomalies, had to be resolved expeditiously and with a
minimum number of reruns.

Response data was generated for a matrix of speed,

altitude and center of gravity conditions and resulted in
data of the type shown in Figure 2.2 through 2.4.

Figure 2.2 shows for the forward center of gravity case,
cabin normal acceleration and aircraft pitching acceleration
due to sinusoidal gusts on the frequency range .2 to 5.0

Hz. Figures 2.3 and 2.4 show the reéponse of these
variables to flap and elevator inputs over the same
frequency range.

Appendix B contains the complete set of 240 Knot data

for forward and aft center of gravity locations including
center of gravity, angle of attack and hub moment response
to cyclic control inputs.

INFLUENCE OF GUST SPECTRUM; AND PERFORMANCE REQUIRED BY

ALLEVIATION SYSTEM

The gust responses shown are for continuous sinusoidal

I e 1 -

turbulence of constant amplitude. When the frequency }

23 4
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240 KNOTS, 3049M (10,000 FEET), FORWARD CG
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FIGURE 2.2 , FREQUENCY RESPONSE OF CABIYN NORMAL AND PITCH
ACCELERATIONS DUE TO VERTICAL GUST (240 KNOTS,
3049 METERS, FORWARD CG)
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240 KNOTS, 2049M (10,000 FEET), FORWARD CG
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spectrum of gust intensity is also considered the gust

response is modified as shown in Figure 2.5. This is
based on clear air turbulence (Dyden Scale) as defined

in MIL-F-8785B(ASG) of the form

@ (=0 w13 i)
g T (1 + (L,0)2]%
This suggests that the system needs to operate at maximum
efficiency over a fairly narrow frequency range. The
peak for the forward CG conditions occurs around 0.70 Hz,
so the alleviation goals selected were as follows:
o Constant from 0.5 to 0.7 Hz.
o Reduced effectiveness above 0.7 Hz inversely
proportional to frequency.
o Reduced efficiency below 0.5 Hz proportional
to frequency.

FEEDBACK CONTROL CHARACTERISTICS

Solving for the control inputs and feedback characteris-
tics required to provide the above alleviation character-
istics by the method outlined in Appendix A we arrive at
a system definition for flap and elevator feedback shown
in Figure 2.6. The complete set of solutions
for the forward and aft center of gravity positions,

with and without A;, Bj participation are given in

Appendix B.
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240 KNOTS, 3049M (10,000 FEET), FORWARD AND AFT CG
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FIGURE 2.5. CABIN FREQUENCY RESPONSE MODULATED BY GUST
SPECTRUM.
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FEEDBACK REQUIRED FOR SPECIFIED ALLEVIATION IN CABIN

240 KNOTS, 10,000 FEET (3049M),FOREWARD CG

RAD/M/SEC? DEG/FT/SEC? apTN ACCELERATION SENSOR DEG RAD
104 00 ; ' 200
i
183 L T 2 ]
'8 o5 4 10 100 =
fu 7
© [¢a]
() o T 0 0 T 0 ] -
(]
8 Z
S| -0.5¢% -10 -100 -2 Q
o &3]
Y -4
-20 -200
RAD/M/SEC?  DEG/FT/SEC2 CABIN ACCELERATION SENSOR DEG RAD
20 200
1.0 ¢}
4+ 2
0.5t 10 100
X
N 55
\b o + 0 0 + 0 &
w0 t3
|
o -0.5 1 -10 =100 § o5 ;_
8 Q
- -nor -200 2
o _20 | _4
N
-1.5
=30 ‘ =300
o Cdatte soaT NPT PPIN PPN SR TS D -
o oot s e e s e v e e e ame e b s e . e e o e

+- T"""'"':"""'T"“'""l' e It R T TR

FIGURE 2.6. FLAP & ELEVATOR FEEDBACK REQUIRED WITH CABIN
ACCELERATION SENSING, 240 KNOTS, 3049 METERS,
FORWARD CG, NO A3, By FEEDBACK

29

——— R 2




D210-11231-1
2.4 APPROXIMATIONS TO IDEAL CHARACTERISTICS

The alleviation effectiveness variation defined above
is reasonable. However, higher levels of effectiveness
may be tolerated and this makes easier the task of pro-
viding acceptable approximations to the ideal control
characteristics. The procedure which was adopted was to
provide the gain levels calculated for 0.5 Hz which -
typically demands the highest gain setting, and to provide
a good match of phase over the frequency range 0.5 - 0.8
Hz using as simple a shaping network as possible. This
usually means that a higher-than-planned level of
allevia*ion is provided at other frequencies. However,
since these levels were the subject of a reasonable, but
nevertheless arbitrary decision, this does not present a
problem unless the stability margins become too
low.
Several considerations prompted this procedure.
(i) A simple system will be more easily
translated into hardware.
(ii) A limited library of simulation net-

works was available, and highly

specialized networks would nave re-

quired development of new algorithms.

(iii) There are practical limits to what can
be realistically represented by digital

simulation.

froe §

30




D210-11231-1

In defining shaping networks, account was also taken of
the need to wash o:* -"e system at low frequencies s¢ that
it would not fight ; * it input steady commands for
acceleration during maneuvers. This can also be accom-
plished by providing a bias to the control system using

a stick pickoff signal. However, in the present study the
washout approach was used. Account was also take of the
characteristics imposed by control actuator rate limits.
It was considered that the actuator rate limit would
override the theoretical small perturbation corner fre-
quencies which are typically in excess of 10 Hz. Hence,
actuator dynamics were represented by a first order lag,
1/1 + 1S with t = .05 selected to represent a rate limit
in the range .69 to .87 radians per second (40 to 50 degrees per second).

SHAPING FOR SYSTEM USING FLAP AND ELEVATOR CONTROL

The transfer function for the flap and elevator systems
are, therefore, expressible in the gerneral form
QE. = (LOW FREQUENCY X SHAPING X ACTUATOR
5 WASHOUT FUNCTIO DYNAMICS

-t

and assuming a second order washout function this

becomes

3F s* SHAPING 1
- = - X | ——— D O e p—
z S r 22y w) S 4w FUNCTION 1+ 7s{.

-
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The shaping functions must adjust the total phase

between the sensed signal, and the flap and elevator to
the values shown in Figure 2.6 for cabin
acceleration feedback. The 240 Knot forward center of

gravity case of 3049m (10,000 feet) was selected for investigation

and it was found that a shaping function of the form

1 2 2

will provide the required phase characteristics. However,

since this effectively eliminates the effectiveness of a
second order washout, as shown above, a higher order
washout function is required. This was provided by two
second order washouts in cascade with corner frequencies
wy = .025 Hz and damping coefficients £ = .60. This

leads to a transfer function for the flap:

2
§F _ _ s S2 + 1.4278 + 9.861( KF__:l
E §< + ,188s + .0246(° S- ‘T =+ .osss
J

2

~

or
= s2 s + 1.427S  + 9.86(, XF
z ST + .1885 + .0246( )S?+ .1685 + .0246 1 + .05%

approximately 20° more phase lag is indicated for the

elevator and this was provided by a longer time constant
(r = .075) in the actuator transfer function.
For 90% reductions in normal and pitching accelerations

the values calculated for Kp and Kg (nominal flap and

elevator system gains respectively) are 6.) and 0.8.
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The acceleration feedback system defined in this report
was evaluated over a matrix of speed and altitude conditions
with the aircraft at forward and aft center of gravity limits.

The results of this study are discussed in Section 3.

o FEEDBACK SHAPING

Aircraft angle of attack, as the signal sensed to activate
the alleviation controls, has the advantage of not being
reduced by a direct 1lift control system alleviating

normal accelerations so that high levels of alleviation do
not imply high loop gains. Also, since perturbations in
angle of attack are the primary cause of acceleration
responses it might be expected that the need for heavy
signal shaping would be reduced. Figurces 2.7 and 2.8 show
angle of attack response to gust, flap and elevator inputs
to the aircraft system.

The characteristics of feedback systems using a as the
sensed signal were evaluated in the same way as were those
for acceleration sensing, and the system requirements fcr
the 3049m (10,000 feet) 240 Knot, forward center of gravity case

are presented in Figure 2.9. As expected the phase re-
quirements present less difrficultv. Flap and elevator
control applications are required co be phased approxi-
mately 180° and 200° respectively, with respect to the o

signal cver the frequency range of interest.
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240 KNOTS, 3049M (10,000 FEET), FORWARD CG
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FEEDBACK REQUIRED FOR SPECIFIED ALLEVIATION IN CABIN /

240 KNOTS, 10,000 FEET (3049M), FORWARD CG
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This leads to transfer function of the form

SF _ s2 SHAPING 1
a S7+72¢,0,5 + w2 (*)FUNCTION (* YT+ 1§

L

For the purposes of the o feedback study a higher corner
frequency washout was selected. At this stage of the
investigation it was suspected that the frequencies adopted
for the acceleration feedback case might be too low and
could interfere with reasonable inputs from the pilot.
Accordingly a much heavier washout with a 0.3 Hz corner
frequency was adopted.

The net transfer function derived for the flap is

§F _ s2 S2 + 3.3638 + 9.1211 Kp
a S2 + 1.8845 + 3.549( )S2 + 1.884S + 3.549 1 + .05S

‘and a similar function with a .075 time constant was used
for the elevator.

The results using this system were similar to those ob-
tained with acceleration feedback and are discussed in
Section 3.

INCLUSION OF Aj; AND By CONTROLS

Several attempts were made to include A; and Bj; controls

in the alleviation system with the objective of reducing
hub pitching and yawing moments, and blade loads concurrent

with alleviation in cabin normal and pitching acceleratior..
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This was initially attempted using acceleration feedback

without success. It was observed that the phasing re-
quirements associated with all controls involved less
shaping in the case of a feedback, and a further attempt
was made to include the cyclic controls. Figures 2.10 and

2.11 show gain and phase requirements for A; and Bj controls

for acceleration and a feedback at 24Q Knots, 3049m (10,000 feet)

forward CG. Inspection of the basic frequency response
data led to the phase requirements being interpreted as
leads rather than lags and transfer functions were pro-

vided as follows:

AL s? 2 .8227 X
a 82 + 5,028 S + 10.662( Y1+ .05s (| A
B, A17 1+ .6429s8( 2

— = —5} .312 I + .11038 - { Ky

NOTE: Unit values of Kp and Kg provide the 0.5 Hz

"

gain levels and ratios of A/B; shown in Figures

2.10 and 2.11.

The flap and elevator transfer functions are the same as
discussed in the preceding paragraph.
This system did not work successfully. A number of

possible explan. ions exist.
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FEEDBACK REQUIRED FOR SPECIFIED ALLEVIATION IN CABIN

240 KNOTS, 10,000 FEET (3049M), FORWARD CG
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FEEDBACK REQUIRED FOR SPECIFIED ALLEVIATION IN CABIN

240 KNOTS, 10,000 FEET (3049M), FORWARD CG
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1. Rapid differential changes in gain are

associated with the above transfer
functions and this degrades performance
at other than the nominal frequencies.

2. The large phase angles associated with
the rotor response to control input means
that it is fundamentally more difficult
to control transient response due to
external excitation.

3. The open loop phase and gain margins with
the above system may be too small at
frequencies away from the design frequency.

4. As more control loops are added the gain
ratios between the circuits probably become
more critical.

Additional work will be required to determine the exact
causes.

ALTERNATIVE APPROACH TO REGULATION _F ROTOR RESPONSE

There is a high degree of confidence that, given
sufficient care the current approach which uses a single
sensing device may be made to work satisfactorily. How-
ever, an alternative is to regulate the rotor using a
direct measure of its response such as hub moment. This
would modify the aircraft response characteristics and
the flap and elevator system would then be designed to

alleviate the resulting aircraft behavior.
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DISCUSSION OF RESULTS

The flap and elevator system defined in Section 2 was
evaluated over a matrix of flight conditions from 200 to

240 knots, forward and aft center of gravity location,

and at 1524,3049, ard 4573m (5,000,10,000 and 15,000 feet). These results
are summarized in Tables I.A and I.B. These show that
better than 70% reductions in cabin normal acceleration

are achieved in most cases. These results are presented

as reductions in peak acceleration as well as RMS
acceleration.

The results in Tahles I.A and I.B were obtained using a
system defined for 240 Knots, 3049m (10,000 feet) with the center

of gravity forward. This system was designed to bring

about an 80% reduction in both normal and pitching
accelerations. The gain settings of Kp = 6.0 and

Kp = 0.8 calculated to produce this result, had to be
restricted for stability reasons. At gain setting Kg =

0.7, 0.8, the system develops a low frequency instability

in the aft CG case. This results in the reductions in pitch
accelerations listed in Tables IIA & IIB. At 240 knots,
3049m (10,000 ft) the factors on RMS accelerations range
from .26 (aft) to .35 (fwd), compared with RMS normal accel-
eration factors of .70 & .71 for the -same flight condition..
At 1524m (5,000 feet), in the forward ™~ ~onditicn where higher
elevator gains can be used, the attenuation of both normal

acccleration and pitch approached the specified value of 0.8.
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RESULTS FOR ACCELERATION FEEDBACK AT DESIGN FLIGHT

CONDITIONS

Basic response data for fifteen aircraft variables is shown
in Figures 3.1 and 3.2 for the flight condition chosen for
design of the alleviation system. Figure 3ﬂ3 shews RMS
variation with time for seven of the more important
variables. These include cabin acceleration, pitching
acceleration and resultant blade bending moments. In
Figures 3.4, 3.5 and 3.6, the equivalent data for the

same variables are shown with the alleviation system
working. Marked reductions are observed in cabin
acceleration, pitching acceleration and wing bending
deflections, and the overall level of blade bending
moments and hub moment responsc shows little change
although ditferences in the detailed transient of the

time histories are apparent. The peak values of fl;p
angle required at the nominal level of turbulence
intensity, are less than + 4 degrees with rates less

than 10.0 degrees per second. The associated amounts

of elevator are of the order of + 0.5 degrees.

a FEEDBACK AT DESIGN FLIGHT CONDITION

Results for angle of attack feedback are shown in Figures
3.7, 3.8 and 3.9. Similar effectiveness in the reduction
of cabin normal and pitching accelerations are attained,
however, the wing response and flap and elevator control

traces indicate reduced damping at a frequency of
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approximately 0.3 Hz. The flap excursions are still

less than + 4 degrees while elevator trace is up to

+ 1 degrees. The reduced damping indicates the need for
further tailoring of the feedback transfer functions to
ensure adequate stability margins.

ACCELERATION FEEDBACK WITH AFT CENTER OF GRAVITY

Basic aircraft time histories data for the aft center of
gravity condition is presented in Figures 3.10 and 3.11,
and RMS data in Figure 3.12. The effect of the attenuation
system 1is shown in Figures 3.13, 3.14 and 3.15. The
alleviation of cabin normal acceleration is substantially
the same for the forward center of gravity case (.69
reduction for peak and .70, .71 reductions for RMS). There
is, however, a much reduced level of effectiveness in the
alleviation of pitching response, which becomes 0.19 for

peaks and 0.26 for RMS.

ALTERNATIVE PRESENTATION OF SYSTEM PERFORMANCE

In order to facilitate comparison of basic aircraft
fesponse and effectiveness of the gust alleviation system
with other short-haul aircraft studies, the HTR XV-15
response is presented in the format shown in Figure

3.16. This is adapted from Reference 8 in which vertical
accelerations and pitch rates are given for cruise, descent
and approach flight at levels of turbulence intensity
considered appropriate for these phases of operatinn.

Data for a preconversion speed of 160 Knots is given

54
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240 KNOTS, 10,000 FEET, (3,049m), AFT CG
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as an approximate equivalent to an approach condi-
tion.
Presented in this manner it is seen that the criterion
level of .llg RMS vertical acceleration is met in
turbulence of 1.76 m/sec (5.7 ft/sec) RMS intensity,
over the complete range of aircraft center of gravity.
The alleviation system reduces the response to around
25% of the acceptable criterion level.
At 200 Knots and a gust intensity of 2.5 m/sec (8.2
ft/sec) the basic aircraft normal acceleration response
exceeds the .llg RMS level by as much as 50%, and is
reduced to approximately 35% with the gust alleviation
system active. At 160 Knots and 3.0 m/sec RMS turbulence
the basic response level approximates the criterion,
and is reduced to a mean level of around 35% by the
alleviation system. Pitch rate with and without
alleviation exceeds the levels specified in Reference 8§,
except at 160 Knots where the alleviation system provides
50% cf the criterion level. The pitch rates specified
in Reference % are referenced to levels associated with
acceptable passenger comfort provided by contemporary
short/medium haul aircraft such as tne Boeing 737. In
these,pitch response may cause substantial variatin. of
normal acceleration depending on passenger locaticw

and this is not an issue in the HTR XV-15 tilt rotor.
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RESULTS INCLUDING ROTOR CONTROLS

Attempts to include rotor control in the alleviation sys-
tem were not successful. The objective was to reduce
blade flapping response and hub moments along with normal
and pitching accelerations. It was found that the inter-
actions of the four controls through the sensed variable
were sufficiently strong that additional work will be
needed to define an acceptable system.

The difficulty stems from the fact that rotor cyclic
pitch in cruise is as powerful a control from the aspect
of aircraft response as flap or elevator. The initial
approach had been to control normal acceleration with
direct 1lift control via the flap; to reduce pitch re-
sponse by corrective amounts of elevator; and to

alleviate hub moments and blade response using A; and By

cyclic. It was implicitly assumed that there was
descending order of magnitude in their impact on vehicle
response, however, the data on aircraft response and hub
force and moment response shows that levels of cyclic
which reduce hub moments by a significant amount, also
produce ncrmal and pitching aircraft accelerations of
similar magnitude to the accelerations which were the
subject of the flap-elevator alleviation system.

Hence, the iterative approach of working on normal
acceleration, pitching acceleration and hub moments

in succession, is not viable and a direct concurrent
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solution for all four controls is needed. However, it
was not possible and was not considered necessary to
match the results for such solution over more than a
narrow frequency band, and this is a probable cause of
the difficulties with a system using all four controls
concurrently.

GENERAL REMARKS ON ROTOR CONTROLS

As discussed in Section 2, the use of specific sensors

for rotor effects might eliminate many of the problems
experienced in designing a system for vertical turbulence.
However, there are well known difficulties in providing
dependable long term signals from either blade motion

or hub moments, and this was one of the reasons why the
study concentrated on the use of normal acceleration or
angles of attack as measures of gust intensity.

In the context of vertical symmetrical turbulence in
cruise,the inclusion of rotor effects tends to be academic
because its levels of response are not critical and it

is probably wiser to ignore the rotor controls. In the
alleviation of aircraft response to iateral turbulence,
rotor controls are expected to play a primary role and

this will represent a fresh challenge.
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CONCLUSIONS AND RECOMMENDATIONS

The study has shown that the HTR XV-15 aircraft has
basically about the same level of gust sensitivity in
cruise as existing fixed-wing transports such as the
Boeing 707,DC6 and 737. Differencas in wing loading and
lift curve slope appear to be approximately compensated
by cruise velocities. Passenger carrying tilt rotor air-
craft for the short-haul market may be considerably

less gust sensitive than either the HTR XV-15, (wing
loading 351 Kg/m? (71.8 lb/sq ft)) or fixed-wing STOL
designs which rely on low wing loading for cshort field
operation. For example in Reference 1, V/STOL tilt-rotor
passenger transports optimized for a short-haul mission
fall into the 488 Kg/m? (100 1lb/sq ft) class, while in
Reference 8, fixed-wing aircraft designed for field
lengths of 610m (2,000 reet) and 914m (3,000 feet) have
wing loadings of 215 Kg/m? (44 lb/sq ft) and 287 Kg/m¢
(58 1lb/sg f%) respectively.

While the sensitivity of the tilt rotor expressed as the
ratio of normal acceleration to gust inténsity may be
similar to that of conventional fixed-wing transports, the
frequency of occurrence is likely to be higher because
the tilt rotor cruises at lower altitudes. This will
necessitate gust alleviation for passenger acceptance.
The current study shows that a simple flap-elevator system

can prouuce alleviation factors up to 70% with no apparent
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adverse effect on blade loads or hub moments. The
amplitudes and rates of control required suggest that
little modification to existing actuators would be
required, however, their operation will impose additional
random fatigue loadings in local structure.

The inclusion of rotor controls was not found to be
necessary for clleviation of vertical turbulence, and
the rotor response was not significantly different with
the flap-elevator system working. Difficulties were
expressed incorporating these controls with flap and
elevator to reduce hub moments concurrently with normal
and pitching acceleration. Additional work is needed to
understand these difficulties.

It is reccmmended that this be accomplished as part of
future response studie. which willi require the rotor
controls as primary inputs; for example alleviation in
transition flight and in the presence of assymetric

longitudinal or lateral turbulence.
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Apnendix A - Direct Solution for Characteristics of Multi-

Channel Control System

In a tilt-rotor aircraft four controls are typically available
for use in rejecting the effects of certical turbulence. These
are flap/spoiler, elevator A; and Bj cyclic. These may be
applied in combination to produce desired levels of alleviation
in up to four chose variables if the frequency response of the
variables to each control and to the turbulence is known. The
compatibility of level of alleviation demanded with stability
requirements (gain and phase margins) may be obtained as an
extension of the same analysis and the practical approximation
to ideal system characteristic may be evaluated in the same
way.

Technical Approach

The equations of motion describing the hehavior of an aircraft,
rotor and control system combination may be written in the
form:

Ag + Bg + Cqg = Fou + Sov

where 2, B and C are constant coefficient matrices describing
the dynamics of the free system at a specific flight condition,

and Fo' So are also constant coefficient matrices which convert

the gust components u, and control inputs v into generalized
forces of the system.
If the fraequency spectrum of the gust is known this may be

expressed in analytical form and in principle, frequency
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spectra may then be derived for control application which

will produce an acceptable net level of response. Tiiis
procedure is attractive when one output variable is to be
controlled by a single channel system, (Reference Al). With
several output variables and a similar number of controls,
this process loses some of its attraction and a semi-empirical
discrete frequency approach becomes more practical. The method
developed in the present study is given in the following para-
graph. This permits the definition of multi-channel feedback
control system which meets specific alleviation requirements.
The stability margins may also be computed along with the
performance and stability of the practical approximation to
the ideal system.

Analysis

If the amplitude and phase responses of an output variatle
(e.g., cabin normal acceleration) to unit gust and control
inputs are known over a range of discrete frequencies, the
control applications required to achieve a specific degree of
alleviation may be derived as follows.

The response of a selected set of n variables at a given

frequency will be given by

v Xn

(n x 5) 5 x 1

where [Rij] is the array of responses to unit gust and unit
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control inputs to the system at the cpecified frequency « and

u and v are qust and control values respectively. More speci-
fically, for the system we are considering where we have fluap,

elevator and A,, B, cyclic controls we may write:

[ ¢ ] [

[RiG’ Ripr Rigs Ryps RiB] J

W EYQ
4
0
i
Re

X
S N
i=1....4¢..+..+n

where Rj,g, Ri,p, etc. are response of variable i to unit gust,

flap, etc. respectively, and Xy is the net response of variable
i.

The response to gust alone is given by
1 =

Subject to reasonable restriction, alleviation factors py

may be achieved in a specified set of variables which are
responsive to the available controis. The number of indepen-
dent variables which may be controlled in this way is less
than or equal to the number of controls. The control input
vector required satisfies the equation

1.0

[RKG!RKF' Ryp' Rgar RKB]
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or

[Rx,r. Re,E, Rrar RKB]

WM
[}
]
i
o>
=<
=

or

[rre, B, s, ) o e}

w3 M

These controls may be applied as feedback signals from a

suitable variahle of the system. This variable is not
necessarily one of the alleviated variables; for example angle

of attack which is not a primary object of reduction, but is
strongly related to the forcing function may be sensed and

with suitable gains and prase shifts will provide the alleviation

control values required. If an alleviated variable xj is

serised the gains and phases required in each channel of contro!

becomes:

Gain = 20 Loglo (F, E, A, B) =20 Loglo (l-pj) RjG
Phase = Phase (F, E, A, B) -Phase (l-pj) RjG'

If the sensed variable xj is not the subject of attenuation

we must calculate its value before the gain and phase require-
ments can be determined. For example, the angle of attack a

after alleviation is given by:

1.0

a = [RaG Ror Ryg Raa RaB]

o>l e.



gy o

D210-11231-1
The loop gain and phase may be determined and stability mar-ins

evaluated by multiplying and summing the forward loop and

feedback gains and phases. If we are alleviating variahles

Xk and sensing Xy we have

127 = = | Rgpr Rgpr Rgar Ryp {Px Rggi

K=1 .,......n1n ni4

where subscript K refers to variables being alleviated, and j

refers to sensed variables. If signal X, of unit amplitude is
J

amplified and phased to produce {F} this .n time produces

X* =

. -*z. R. q_ ,R. [F}'
3 jF’ 3JE° JA JB]

So that loop gain Xi.'f/x_i igs equal to
. .
..‘1
[(Ryp RjE ®,a Rynl  [Bxp By Ryn Rypl — (py Ryeql.
The amplitude and phase of this can be readily calculated

from the individual responses.

Physical Realization of Ideal System

The foregoing analysis will provide at each frequency a

gain plus pﬁase for each channel control. This must be
approximated by hardware and compromises must be made. The
resulting system can usually be represented by some combination
of transfer function representing actuator dynamic, steady-state
washout, and response shaping networks. The net performance

and stability margins associated with the selected system ray

be evaluated by calculating the amplitude and vhase response

A-6
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of the individual control circuits and combining these with

the aircraft response behavior.

Program Coding

To facilitate use of the preceding analyses two simple com-
puter programs were written. The first evaluates gains and
phases for flap elevator and cyclic controls to accomplish
specified levels of alleviation at discrete frequencies. This
also evaluates the system open loop response so that stability
margins may be inspected. The second program computes the
amplitudes and phase characteristics of the control counts
selected to represent the ideal requirements and provides the
overall open loop characteristics. The coding for each of

these programs is given in the following sheets.
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P

NOPT

KASE NO
ALT

VKT

XCG

Z2CG
GSTAMP
FLPAMP
ELVAMP

AAMP

BAMP

OMEGA
PCR
PCI

PTR

PTI

PZR
P21
PYR
PYI
AG
EPSG
BG

PH1G

D210-11231-1

Indicator, if = 1 only flap and elevator activated
if = 0 flap, elevator, A, & By are activated

Indicator used to run multiple cases
Altitude in Feet
Velocity in Knots
Case Identification Only
CG Coordinate Longitudinal
CG Coordinate Vertical
Gust Amplitude in Ft/Sec
Flap Amplitude in Degrees

Elevator Amplitude in Degrees

Al Cyclic Amplitude in Degrees
By Cyclic Amplitude in Degrees

Frequency Range in Hertz
Real Component of Cabin Alieviation Factor
Imaginary Component of Cabin Alleviation Factor

Real Component of Pitching Acceleration Alleviation
Factor

Imaginary Component of Pitching Acceleration Alleviation
Factor

Real Component of Yawing Moment Factor
Imaginary Component of Yawing Moment Factor
Real Component of Pitching Moment Factor
Imaginary Component of Yawing Moment Factor
Cabin Acceleration Response to Gust

Cabin Acceleration Phase to Gust

Pitch Acceleration Response to Gust Amplitude

Pitch Acceleration Phase to Gust

A-8
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N

MZG

EPZG

EPYG

EPSF
BF
PHI1F
MZF
EPZF
MYF

EPYF

EPSE
BE
PHI1E
MZE
EPZE
MYE

EPYE

EPSA

BA

PAlA

MZA

D210-11231-1

Yawing Moment Response to Gust

Yawing Moment Phase to Gust

Pitching Moment Response to Gust
Pitching Moment Phase to Gust

Cabin Acceleration Response to Flap
Cabin Acceleration Phase to Flap

Pitch Acceleration Response to Flap
Pitch Acceleration Phase to Flap

Yawing Moment Response to Flap

Yawing Moment Phase to Flap

Pitching Moment Response to Flap
Pitching Moment Phase to Flap

Cabin Acceleration Response to Elevatcr
Cabin Acceleration Phase to Elevator
Pitch Acceleration Response to Elevator
Pitch Acceleration Phase to Elevator
Yawing Moment Response to Elevator
Yawing Moment Phase to Elevator
Pitching Moment Response to Elevator
Pitching Moment Phase to Elevator

Cabin Acceleration Response to Aj; Cyclic
Cabin Acceleration Phase to A; Cyclic
Pitch Acceleration Response to Aq Cyclic
Cabin Acceleration Phase A; Cyclic

Yawing Moment Response to Aj; Cyclic



EPZA
MYA

EPYA

EPSB
BB
PHIB
MZB
EPZB
MYB
©PYB
CGG
EPSCGG
CGF
GEPSF
CGE
GEPSE
CGA
GEPSA
CGB
GEPSB
ALFG
EPSAL
ALFF
ALEPF

ALFE

D210-11231-1

Yawing Moment Phase to Al Cyclic

Pitching Moment Response to Al_Cyclic

Pitching Moment Phase to A, Cyclic

Cabin Acceleration Response to Bl Cyclic

Cabin Acceleration Phase to B

1 Cyclic

Pitching Acceleration Response to By Cyclic

Pitching Acceleration Phase to B,y Cyclic

Yawing Moment Response to By Cyclic

Yawing Moment Phase to Bl Cyclic

Pitching Moment
Pitching Moment
CG Acceleration
CG Acceleration
CG Acceleration
CG Acceleration
CG Acceleration
CG Acceleration
CG Acceleration
CG Acceleration
CG Acceleration
CG Acceleration
Angle of Attack
Angle of Attack
Angle of Attack
Angle of Attack

Angle of Attack

Response
Phase to
Resiponse
Phase to
Response
Phase to
Response
Phase to
Response
Phase to
Response
Phase to
Response
Phase to
Response
Phase to

Response

A-10

to B, Cyclic
Bl Cyclic

to Gust

Gust

to Flap

Flap

to Elevator

Elevator

to Al Cyclic

A, Cyclic

—

to By Cyclic
B1 Cyclic

to Gust

Gust

to Flap

Flap

to Elevator
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ALEPE

ALFA

ALEPA

ALFB

ALEPB

FZG

FZEPG

FZF

FZEPF

FZE

FZEPE

FZA

FZEPA

" FZB

FZEPB

FYG

FYEPG

FYF

FYEPF

FYE

FYEPE

FYA

FYEPA

FYB

FYEPB

Angle
Angle
Angle
Angle
Angle
Rotor
Rotor
Rotor
Rotor
Rotor
Rotor
Rotor
Rotor
Rotor
Rotor
Rotor
Rotor
Rotor
Rotor
Rotor
Rotor
Rotor
Rotor
Rotor

Rotor

of Attack Phase to
of Attack Response

of Attack Phase to A

1

of Attack Response to

of Attack Phase to B

Normal Force

Normal Force

Normal Force

Normal Force

Normal Force

Normal Force

Normal Force

Normal Force

Normal Force

1
Response

Phase to
Response
Phase to
Response
Phase to
Response
Phase to

Response

Normal Force Phase to

Side Force
Side Force
Side Force
Side Force
Side Fcrce
Side Force
Side Force
Side Force
Side Force

Side Force

Response
Phase to
Response
Phase to
Response
Phase to
Response
Phase to
Response

Phase to

A-11
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Elevator

to 3, Cyclic

Cyclic

By Cyclic

Cyclic
to Gust
Gust

to Flap

Flap

D210-11231-1

to Elevator

Elevator

to Al Cyclic

Al Cyclic

to Bl Cyclic

Bl Cyclic
to Gust
Gust

to Flap
Flap

to Elevator

Elevator

Ay Cyclic

B,y Cyclic

to A, Cyclic

to Bl Cyclic

Ry
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#iCu  YCVFIGH,KP329,PAGES33S,LINE 8360, RUNSCHECK,LISTISUBS
1 BIVELSINS Alow) s X(BIsR{BISLLIBY,MM(B),CU10),Y ), D(W)sbLL4),
l M‘!\\(u)
L2 REAL ™2G,"'YG, ‘ZF, ‘Yb ,M2F,“YE,MZ8, YA, 28, Y8
N TP NESLPPRC, LPGAG, LPPHG, LPGAL LPRAL
3 nTHed, 141597180,
¢ . KEAD, NOPT 240 Knots, 10,000 Feet, Forward CG
S 20t READ, XASEND
L) 1F (KASENDO, £Q,99) CALL EXIT
7 FEaAn,ALT VKT, XCG,2CGaGSTAMP, FLPAMP, ELVAMP, AAMP, BANMP
TR T T T pRIT 99, AT, vk T ,XCG, LC6
9 29 FURMAT(/,8X,°aLTITUDE =% ,F8,2,8%, VKT Fb,2,8X,°XCCs",
] ‘5.23810'1663‘356.2)
10 PRINT 1000
1 1oan FORVMAT(/,130(8rna})
12 206° _ READ,OMEGA
15 T¢# (OMEGA, £G, 0,0) GO TO 2001
1o PLAD:PCHoPCI-P‘Rc°TIoFZ?aPZIquR:PYI
% KEAD,AG,EPSG,RG,PNTG,M26,EPZG, Y6, EPYG
16 DERD,AF ,FPSF ,bF ,PrlF,IF ,EPZF ,*YF  EPYF
17 READ,AEJEPSE.BF ,¥nle , " (F EPLF, YR EPYE
1A GEAD,AA,EPSA,RA,®nIA,VZA,EPZa,VYR,EFYA
12 WEAD AR EPSH AR, MHT e )Nk 8 PLA, Yk, FP TR
20 WEAR,CGG,EPSCHNA,CHF,nEPSF,CGF,GEPSE,CGA,GEPSA, LG, GEPSE
21 Cg@Q,ALFG:EPSBL,ALFF.ALEPF,ﬁLFE,ALFPF.ALFA,AL&PA,ALF%;ALEPE
TTed T T REBO,FIG.FIFEPG, b LF FLFPF,FLE FIEPE,FIA,FIEPA,FIH,FLEPD
23 READ FYGIFYEPGIFYF FYEPE JFYE ) FYEPE B YA FYEPAFYH,FYEPB
eu 101 BURAAT(/,3%X,Fb, 8,20, F6,3,2%,F6,3,2%,F6,3,3x,Fb,3,3%,F6,3)
S FelNT 106
2k Lo FORVATE//, 40, *GUSTY, Ux, tOUSTY  tx, kLape, ux, PELEVY,S5x, AL, 5%, 81",
e _)_1,3),}EJQQ:L5{J'5‘“L‘LQ1L£A“°L‘.41.‘0“PL'.uxJ‘AVPL',UI.'A“PL')
el P INT 101o“"EGAcGSTA‘“’.FLPA“P:ELVAMPOAAMP:FNMp
o4 P INT 102
_en_ e .’P“i!ILLLi£;1£55L¢s£.'pC1'L9’n‘"T“‘AOEJJfUI‘AO‘n'“Zﬁ'nbxn'PZI'-
1 AX,*PYR®,8X,’PYL")
3 pEINT 103,PC2,PCT,PTR,PTL,PZR,PZL,PYR,PY]
31 ing ~_ﬁfw_\j_u_(_L,s:,rals.sx,re,4.3“:@‘3,u,rb.},sx,ra.s.sx,ro.s,sx,
VPR g3,3X,F6,3)
e o4t 10U
34 1oy FRRIAT(/,5x,°CAY HESP ¥0 GyST’, 5%, PPITCH RESP U GuUST*,5x,°'Y.¥, RESP
TTTTTT T T T Tvo GUSTY, 8K, TP, Y, RESP TO GUST!/,4X, faMeL PHASE " ux, TAMPLY,
2 ygx,'Pugsg-ux,OnnbL',10:,09nAs£'.ux,'AMPL',lox.'PHAse')
™ PRTLT (08,06, EFSG,hG PHIR, Y26 EPTG, YR EPYG
NG T 108 T R RNT () S PR 3, Ph PR3, U, Fh, 3,08, FR, 5, 0u,Fb,1,8X,FB3,06X,Fn,1,
| 2X,FALY)
3 PRINT 108 A e
TN T TRGRTAT(7,aX, TCAGTRFSP TO FLAPY, S, “PITCH FE8P TG FLAPY, X, Y 4, DUk
| 10 BLAR? 84,0, DUE TN FLAPY/,ux, PANPLY, 85X, PPHASE?, 5K, PAVPLY,
P Gx, TPmASE®, 0k, PaMPL?, TX, *PHASE?, 5%, PAMPLY, 7X, *PHASE")
¥R T TBRINY 10V, AF L EPSF BF  PNIF UL L ERE, YT EDYE
39 107 FORMATC/,3%,%8,3,2%,FA 3, 4X,Fo 3,98 ,F8,8,4x,Po,1,8%,FB 5,4X,Fb,1,
R USeoFR3) .
4. PETWT 108
al 1a BOANVAT(/Z, 6%, *CAR HESP TC ELEV®,SX,*PITCH RFGP TO ELEV*,9X,°Y,~, Duk
110 FLEV®, 5%, %P, uuf 10 ELEV /odX, PAMPLY 5, "PrASEY, 50, "APL",
T T T S an, TPRASE Y, SX, TaVPL 7K, PRRATE Y, 5X, TANPLY, T, *PHAGE?) _
ue PAINT 109, AR, EPSE  RE, PRIt , 22k Bhlb,YYE,FRYE =
R R U ‘“nf&rElté!:EﬁLlLaﬁLEﬁJﬁJ§311ﬁ4é4§1;£2;i4é54£"4j:sxlgel}lﬁfj — .
| Pty 3X,Fbd,8)
u eRILT 110
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45 112 FORAT(/,4X,*CA0 RESP TQ Af°,mnX, PITCrH RESE T0 A1°*,BX,°Y M, RESP -
1 T0 al?,74,%%, 1, RESP TO Al7/,ux,fAMPL PHASE®, 06X, PAMKL?, X,
° “’“ASEH‘H,'4""L’,Sx,‘9r‘.ASE‘,7l.'AW’L'.SX"PHASE')
8% PQINT 1117A5,EPSA,RA,PH]IA,MZA,FPTA,MYA,EPYY
Wl 11t v"-’75-"\“(/.3x,Fb.3.2x.FH.3.£1.FO.3.SX.H*.A,/n‘b.l,EX,FH.S.Sl,
I Fa,102X,F8,3)
_ 4 PRINT 112
49 e FORMAT(/,4x, *CAB RESP TO B1°,6x,'PITCH RESP TO B1*,8x,?y,M, DUE TO
1 RLP,7X, %P M, DUE TN RLP/,4X,8MPL PHASE®,6X, "AMFL?,TX,*PHASE’
— 20X, PAMPL?, 5, *PHASE?, TX, *A¥PLY, 5%, *PHASE )
5 PRINT 113,44,kPSA,B3,PHIR,MLRFFIR,~Yn,EPYA
31 IR EY FORMAT(/,3%,F6,3,2X,F8,3,2X,Fo,3,38%X,Fb,$,7x,Fo,1,2%X,F8,3,5x,
. 1 Fo,102%,F8,3)
52 PRINT {14
54 114 FCR-AT(/, 4%, 'C6 RESP Y0 G*,3X,*CG RESP T0 FLAP’,3X,"C{, RESP TG
~_ ] BLEV®,3x,°CG RESF TO A1°,3x,°CG NESP TC dy*/,4X, AMPL PHASE ¢
2 22X, PAMPLY 0Kk, *PHASE?,3x, TAMPL? 06X, TPHASE?, 5X, *AMPL PHASE®,
3 3x,%avPL PHASE’)
S84 PRINT 119,r006,FPSCRG,CRFIGFPSF,CRE,GEPIE,CRA,GEPSA,CGE,GEPSH
85 113 PU-GMAHI,5!."6.5.ll,FB.S.El.Fb.S,EK.FB.s.3!.‘0.3.IX.FH.LSM
{ FO ‘nlx F& 3.2';’5.3'11178.5)
_de _»NquIiY 11n
57 115 FromaT(/,ax, *ALF RESP T0 G*,Sx,*ALF RESP To FLAP®,Sx,
1 ®4LF PESP TQ ELEV',)S5X,"ALF RESP TO Aal’,5X,PALF RESP TQ ul'
e /.“!.'WPL' ux.’PNA:E'.ax,'WPL'.rx.'punsu.Sx.'pr'.n.
§ P PWASEY, 5K, TAPL? 5K, "PRASE?,5X, FAYPL?,SX, 7PHASE’)
EL PRINT 117 ALFGEPSAL,ALFF, ALEPF.ALFt.ALEPE ALFA ALERA,ALFY,aLEPB
SO 1N7_ FNRMAT(/,3X,F6,8,1X,FB,8, 3x F6,3,2X,F8,3,5%,F6, 3,2%,F8,3,5X,
1resxxrususosuran
hi PRINT {18
bt 118 FUR'AT(/,4x¢,°F2 RESP 10 G*,5%,°FZ WESP 10 FLAP?,Sx,’tZ RESP TU
TUTURLEVT,SX,PF7 FESP TO 81°.5%Xs°F2 NESP 10 BL7, 4K, TAMPL  PHASE’
2 4SA,PAMPLY ,ex,PPHASE ", S, PAMPL?,0x, "PHASE" ,Sx, fAMPL?, 4,
3 %PHASE’,S5X,’A-PL®,4X,"PHASE?)
ne BILNY 119,546, FZE PR, 6 (F ,FLEPF ,F2E ,FIEPE,FLla,FLEPA,FiE,FIFPY
LB} 119 FCRAAT(/ o 3% 3k 6, 3,30, FB, 3, 3X,F6,3,1X,FR,3,5x,Fb6,%,1x,F8,3,5x,
o i FbIS,‘XQF"|335XJF°|5':l;”’.})
ey PRINT 120
65 129 FORMAT(/yuX,"FY RESP TO G*,SX) FY RESP TO fLAP’,SX,
1 kY RESP TN FLEV®,5x,*Fy RESP T0 A1°,S5X,°Fy RESP 10 B1*/,dX,
T T T T TR TPHASET, oK, AP, 6X, "PRAGE *, 5K, PANDL Y, 0K, PRASET, S,
3 2aPLY,ux, PPHASE Y, Sx, PAVPLY, ux, PPHASE")
en ao;nt 121 ,FYRIFYEPGr YR FYBRE,LYE ,FYEPE ,EYA, FVEPA FYb,FYEPR
K110 FORMRT(/, 3, FE, T, Tx, FB 8, Sx,Fo, 3, X, FB, 8,5, F6 5,1, FE Y, S,
1 Fo,3,1X0F8, 5:5*0‘6 301X, FO 3)
£ FH!MY 1000
64 LS Bk AT/ TR AP WP Y PR3, 7Y, FLAP PraSE’ 8,5, T,
1 CFLEV ANMPY,FH 3, Tx, "k Lty PrASE?,FB,3/,1X,%41 AMP*,F3,8,
e 1Ay "“"ﬁ't‘ﬁ AYRATLY! A""’a"@ 5:7‘0'91 P*"Ast“"a.l)
7 64 FORw Att/,xx.'aLsttnrtn CAH 1ORM ACCN’.FG W3, 71X, "PHaSt oF ACCNT,
U FR 3/,1X,FLAP GAL"® ,+8,3,7X,°FLAP PHASE',FA,3,20KX,
e ‘ELEVATOk GATNLY,FR,D, rx.‘tLEVA'OH Pn&SF'pFa.JI.lXc‘Al rxgg;g__~___*____
TS TRV, FRVT, f}.'Ax chLIc PWASE? , FB,3,19%,°R1 CYCLIC GAIH?
« Fn 3)7'0")1 CYCLIL PuaSE?,b8,3/
o B .tx.'npt:_gg:g GAL . *yFu 3, 1%,%nPer LCne pragk’ Fu,4)
74 PRI T 1000
e ) FORMATC/Z o X, PalLEVIATED €O ACC I*aFB 3, 7X,’PHASE OF ACCH",6R,3/,

R

]

‘l.'FLA* GAIN®, FB 3, 7!,'FLA° ’ﬂlst'.FB 3 ’x.’ELkvATOR GAln?,

'Al CYCLIC PRISE®FE 3, 151, 'Ry CVCLIC GAIN®,FB, Soflo
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Sy iny POPEN LOOP GAI~T,FB,3,7x, TUPEN LOCGP PHASET,FB,S) -
73 PRINT 1000
G NOMDIVENSINGALIZE RESPONSE AMPLITUDES BY FNRCING AMPLITUDES
Ta— AGEAG/G8Tame
7% HGEBRG/GSTAMP
Te M2G2ALG/GSTAMP
17 vYGeMYG/GSTANP
78 ALFGEZALFG/GSTAMP
19 FIGaPlG/GSTAMP
Ha T TEYLSFYG/GSTAWP
a1 CGGECGG/GSTANP
82 AFSAF /¥ PAMND
B3 BFS8F 7FLPAYP
84 NTFIMTF/FLPAMP
ARG MYFaMYP/FLPAMP
B4 ALFFRALFF /FLPANP
ar FIFRFZF/FLPAAP
84 FYFSFYF/FLPAMP
89 CGFSCGF/PLPAMP
9 AR ZAE/ZELVAVP
8y _AESBE/ELVAWP
9¢ MZEIMZE/ELVAMPD
Sy YYBRMYE/ELVANR
Q4 ALFEzALFE/FLVAMP
S5 FyezFYE/BLVAVP
96 FLERFLE/ELVAVP
_97 . _ _CLECGE/ELVANP
Q3 AATAA/AAMP
99 BASBA/ZAAMK
12y w2AIMIA/ZAAMP
101 MYARVYA/AANP
102 ALFAZALFA/ZAAYP
1038 . _FIABFZA/AAMP
104 FYAFYA/ZAA P
109 CGasChA/ALMO
100 ARZ48/RAMP
107 ARSBB/HA VP
103 MIRBMIB/BAMP
109 _AYREMYH/HAVP
10 ALPR3ALFH/8AvR
11, FLlH3FZR/BA AP
_it1e FYHSFYR/NA P
113 CGHICGR/A P
C CONMVERT DEGHEES TO RANIaANS
_1te, £25G2EPSGAOTA
115 PHIGEPHIGeTR
11» EPZGBEPIuaNTR
117 FPYGREPYGeNTR "
113 tP8aLsEPSALINTR
119 FIFPGRFLEPGANTR
120 FPYEPGBFYERGAOTR
121 EVSCGGBEPSCGGeNTR
122 EPSFEERSFe TR
123 A=lFaPrjFanTA
124 EPZFREPIFAOTR
129 EPYFBEPYFOD TN
_lee . ALEPFEALEPEAN[R
1! FIZEPHSFIEFPFoNTR
12~ FYEPFRFYERECNTR
A-14
| '



W

bt bt

¥

-

LA

)
t

w s-‘m—‘ [ ] [ ’ ',._.._" Hr ' r——! :—-——~

ORIGINAL PAGE IS
OF POOR QUALITY

D210-11231-1
Ae9 __ _ GEPFIGEPSEADTR
130 EPSFSEPSEDTR
131 PrlESPHIERDTR
132 . . EPlESERLEANIR
183 FPYRZEPYERI TR
154 ALEPEZALEPE®NTR
135 FLEPFEaPZEPEEDTR
13s FYEPEIFYEPE#)DTR
137 GEPSESGEPSESDTR
133 EPIASEPSA#DIN
139 PHIASPHIA#DTR
149 ALEPASALEPACDTR
141 FZepASFlEPAADTR
142 FYEPLSFYEPARDIR
1us GEFSAZGEP3ARDTR
~l4d__ ___EP2A3CPZAED)N
148 FPYASEPYARpTR
1do EPSHREPSRADTR
1617 (B §-F 14D .Y DAL
1uA ePInzePIBaNTR
143 FRYRIEPYHADTIR
450 o aLFPASALEPHeDTR
181 FLEPRSFLEPIWDTR
182 FYERHSErERPReDTR
153 GEFSRAGEPSRaNTH
194 AC~2AG*COS(EP3G)
i85 RCABAGRSIN(ERPIR)
1% aT:3RGeCOS(PHIG)
157 BTasRGAS] ((PR1G)
19A AZaMZIGeOS(EPLG)
L _BM7AmM2G6a81N(RPIG)
160 AVYASVYGACOS(ERYD)
1461 AYYARMYGaSTIAN(EPYG)
_lo2  _AALA3ALFGACNS(ERPSAL)
1638 MALABALFGa3[N(EPSAL)
1hd AF2.3F26*COS(FZEPT)
185 98 2.3F26481(FEPG)
1é6n AFY 1sFYG*CUS(FYLPL)
1n7 BrYusFYG23TV(FYESG)
163 _ACGABCGG*CNS(EPSCLG)
143 =C5H.8LG6¢ST  (ePSC066)
17 ACFaAP*COS(EPSH)
AT . _MCPzAReSIN(ERSE)
172 AThEBFoCNS(PH]F)
174 HTFSRFaSI  (PN]F)
Wle o aviesvIFeCnS(ERZF)
175 kO ZF3v2FaSTA(ERTF)
11 A'YEaVYPa(N3(FPYF)
At YRSAYESSINIEPYF)
173 AALFSALPFaCIS(ALERPE)
179 RALFBALFF 23] V(ALEMF)
182 AP7FBEIFaLOS(FZEPF) -—
17 AF{FRFLF#SY v (FLLPF)
12¢ AFYRZFYFS(IS(FYEPH)
_1Rs L FFYFBFYFeST(FYEHF) — _—
184 ACGFa(GFeCOS(GEPSF)
6% RCGF3CGFeSTI™ (REPSF)
_ 186, _ ACEaAL*CCI(rPSE) e i o
LR/ NCEAESS] v (EPSE)
143 ATESRE®CISIPHIE)
A-1C
] . . [
. V
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189 hTE:HE's[atPu]E)
199 AMZERMZERCDS(EPLR)
191 b"ZEs“Z£~$IJ(:PlF)
192 A“YEIMYERCNS(EPYE) _ —
193§ TRUveEAYERST ((EPYEY
194 AALESALFERCLS(ALEPEH)
195 RALESALPENSIN(ALEFE)
195 AF2EBFZE*CUS(FZEPE)
197 BFZE3FZE*SIN(FZEPE)
1958  _AFYERFYESCCUS(FYEPF)
159 REYESFYE2SIN(FYEPH)
200 ACGESCGECCS(GEPSE)
201 RCCL3CGE*SIN(GRPSE)
20¢ ACAzad#COS(EPSA)
20% RCABAA*SIN(EPSA)
_2uk ATASHA#COS(PHIA)
2ns STazAAeSTINV(PrHIA)
206 AvZASM2A0CNS(EPLA)
a8 _AMZASMZA®3IN(RPZA)
208 A-YAZMYANCNS(EPYA)
209 RuyYAZSMYA®S]INIERYA)
213 __uhn_AAL&gALFA.CUS(ALEFA)
211 RALASALPASST (ALEPA)
21¢a AFZAasF2ZAeCOS(F2EPA)
_evy  AFy:sFlasyl . (FlEVA)
214 AFYABFYA«COS(FYEPA)
els KEYAZFYASSTIN(RYERPA)
_Zdle __ _ACGA2CLARCUS(HFPSA)
ey’ T3CLA2CGARSIV(GEPSA)
214 aCHzAR#COS(EPSH)
a2 _PCAzaneS] . (EPSH)
220 ATB3RBeCAS(P~]H)
22t RTREHY®SI v (Pm]y)
222 L AMZ33MIBeCnSLERZR)
223 TR ZamMIAeST(EPZR)
224 A YHBUYBeCNS(EPYR)
_ P85S ____4'v3zdypaSl (EPYA)
2én AalnmalLFaeU3CALEPY)
227 RALASALFReSI V(ALFPH)
_€e8  _ __  AFlosFlp*COS(FZEPAH) . e
2°s REZHsb IHe510, (FZEPR)
23) AFYABFYReCOS(FYERS)
28l . . RFYRIFYneSI (FYEPn) o
e8¢ ACGRECGHACLS(GEPSR)
°34 RCGABCLH*SIVIGEPSD)
AL AflzACHAPCHeYCHRPCT o o
X)) T IsACY e R CTYAC ANPCH
23o ATHEAT AP TRedTALRTY
247 RYHEATHaPTI AT AP TR
P2 L R Y F Y PNY U PR R §
233 RVTRAVMZ ARl onYneP 'R
24y AvvsAuy apYReRvyvaby .
T T T T T UiV AY L a8V oA ¥ A aP YR
247 17 (v0PYy 201y V)Y GU 70 Y001}
) . __CtiysACF
duu C(l)=nCF
269 C{s)=aTé
2un _Cluysat e
oul C(S)s=nle
QuA C(h)=aLH

-



f 2 - -
.. 2ud Ce7)meRlF D210 1}?1.
250 ((R)=ATF ’ -
- 251 C(9)saCt
: 8% L (10)sBCF
b 253 CC11)34aTE T
2414 C(12)3RTE
-)) Cllg)s=8Ch
T 2950 Cl14)=ACE
H 257 C(15)8eBTE
‘. 88 o Clis)sATE
259 GO TO 3002
.- 201 3041 A(1)sACF
! -3 A(2)eRCF
¢ 262 A($)EATF
’ 263 A(4)ZBTF
08y A(S)3AMZF
283 A(o)=BMIF
eno A(7)ZAMYF
_2n? AlB)sBVYP
2nn A(9)z=BCF
269 A(TUYSACF
810 A(i1)szedlF
27! A(12)sATH
272 S(13)3=4M2F
273 A(1u)38MZF
. 274 A{15)senvyl
: 27y L{la)BAMYP
N _@Is _ __ _AL1?7)3ACE
21 A(1A)3nCE
PRL] A(,9)8ATE
273 L 4(20)=aTE
2KC A(2]1)3AMZE .
2R} A(22)SRMIE
__#l o _A(23)sAuvt
284 A(2G)BAMYE
e A(2Y)s=nlt
_@hS  A(P6)BACF
2%n A(27)2=9Tk
2R7 Al28)8ATE
o dnhs __A(29)senvt
29 a(30)savie
29" A(31)segYF
_esl o a(32)3A8vvE
PAL] A(33)=aCa
! 293} a(34)38Ca
‘ 2% A(s5)aaTA
' 249% A 3nYERTE
PLTY A(87)8av20
: 297 A(3¥)sA+LA
g 2uA A(89YsAMYA
i 299 A(u0)=BvYA
$o00 Atu))senCa
. 01 T A (u)ysala -
£ 30¢ A(us)sedty
| 304 A(uu)zATa
b T %y ’ TTaAtdN)menuZa - -
s A(dn)Bsavla
BRLE! Aful)sen’vA
s0) T a(uB)sAvyaT T T T - T T T
3 8(uq)salh
j A-17
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309 A(S50)2HCH
k3] A(S1)aATH
s A(52)2ZATH
Js2 o ArSs)ymavie
318 A{54)38"2d
314 A(S55)BAMYR
_ 813 A(%6) 3R 4YR
3o A(57)aen(n
N A(S8)3ACH
318 ) A(S9)3eHTR
T2 “A{e0y=aTB
32y A(b1)sebvZA
321 Ar62)3AMIH
322 A(n3)EndMYH
324 A(by)SAMYH
_ 324 50_T0 300S
325 4002 D(3)s=Al2
320 N(2)senCl
327 N(3)meAlH
3ed R(4)ze8Tr
32 Gd 10 7,08
380 3705 h(l)meacl
in A(2)s=8CZ
332 R(3)sedlw
_ 338 Alu)aedT=
334 8(S)seAM?
335 R{b)B=R"T
336 B(T7)meanY
487 H{A)senAY
3Iin Go T 3008
M _PRINT AG, NG, *26,MYG,ALFG,FLG,FYG,L06
c PRT 1T EPSGIPHIGIEPLGIEPYG, EPSAL,FLEPGIFYFPRIEPSCEG
c PAT T ACA  HEw  ATH BT, A2 BMIw, AMY A, BMY N
e __ PAINT aALA, BALA AF2A BFTN ARY. RFYAN,ACGH,BRGA
C PRl Y, ACZ,4CZ,aTH,3Tm, AM2,RMZ, a¥Y,BNY
¢ PRINT, (BCL),[31,8)
339 3008 CALL MINVIE,a,CHpLLL, M)
549 CALL VYPWRD(C,D,Y,4,4,0,0,1)
3ay AMNPESSQRT(Y(1)eV(1)eY(2)0Y(2))
Sug PralFBATAN2(Y(2) Y(1))/0TR
EEYI T ATPEagART (Y (I) eV (SYev(dTav Q)
LY} PrALESATAS(Y( (U)o 3))/0TR
_3uS __4nPAs,00000]
[T E-CYYIY Y
7 APHE, 000001}
Sun pPHAZERYD
YY) - et 3604
38 Jine CALL MLV (A B8,A%,LL,M¥)
$5. €A L “PRD (i4,d,2,3,8,0,0,1)
IR T T T T T R a§RT IX (NY ek (T ex (20X (2Y)
35§ PralFsATA i2(t(2),%(1))/NTR
354 L AvPEeSGRT(r(3)ex(S)ex(u)oX(d))
TS T PuaZb BATENE (), x(3))/707@
3 1) AvPABYNRT (X (S)ex(S)ex(n)erle))
88 BeAZABATANA{N(6),X(5))/01R
359 AvP 1 agRAT (x(T)ax(TYoX(S)an(8))
359 PmAIARATAN2(N(B)2(]))/DTR
— L EWINT, (H(K) u8),8)
¢ PALCHLATE £aa MORMAL ACCELENATION ABTER ALLPVIATION
Su0 304 YASACAs (1edCR)

A-18
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CARACCISHRT (YARYA4YRRYRA)
PrAalCEATAN2(YR,YA)/DTA
S RTRACT 20 r.0G HaSt 10 *G*

TLFC3202aLGGI0(APF/CARACE 130,18
REC2200ALIRLN (A PE/CARACC) 30,15
HACEP0RALUGEI(ANPA/CANAGEC)I =30, 19

TN EI0#ALIG1A(APR/CARACC)I=3A,15

PriZFCEPHAZF =PHALL
D<A2ECEIVMAZE @R=A20

PmaAlACSPraZAeP~a2(
PrAZRCEPHAZRPHAZC
AYASYASAC »} CoHC..20,9

lVﬁlVQ-HC&.].OOAC:Q0.0
XUUNBSGRT (xvdexYAeXYRaXYH)

L PrAIXSATANP (YR, XYA)/DTR

snn

ape v LO0P GAI* ANL PHASE
LG .C370#ALIGL0(XMED/CABALE)
W HPHCePrAlXxeR~aZ(

I (NOPT,E4G,0) GO 1N 30048
CuGoe ACCELFRATION AFTER ALLEVIATION
__CORSACGaR) ) @RCGAeN 00ACGF oY (1) wCCFaY(2)

T eACREMY(S)Y@nCGESY (4)
CHIZHOGAR] 4 V0ACG -#N,00RCLFeY (1) eACGFaY(2)

ﬁ_['nggggv($)¢ACE§-v(3)

50 TS5 3009
COYSAChAe] ()Rl Gren,

Ao ACakaX(1)enrGF aX(2) 0ACGELX(I)@RCGEMX(Y)0AtGARR(T)edCBR " L0) |

2 2aC0AX( 1) eulGHaX(A)

CHT2RC5a0] qUeACGNA0 qorlGFaX(1)eACGFax(2)oReGFoX{Y)oACGEsL(4)
1 $RCGAeX(YH])4ACLASK (M) 9 CLRIX(T)9ALHANK(R)

 EGACCSSURT(CARYCGRPCHT-CGI)
PuCGASATAY2(EGT,CHR)Y/ZDTR
SuATIACTY 20 LOG HASE {9 *G°*

HECus ZO-ALnblﬂ(A“PFIC ACC)«30,15
G'C”:?noALJGQO(A‘bP/rGACC)-SO,lS
SACH32008LNG ) (AMPA/CGACC) 230,19

GILGEA09AaL H1 A (A PE/CGACC)@30,15
PuFCGePHALl el (A
)nbgﬁ:’n‘[[.ﬂncﬁl

LRACHSPmAZAeMnC(4
LR LAY VAL L L IrY
ACHABCOA=NG, o) (0L Ges,0

XCARINCGLT=ACH . -1 0=ACGA®0,0
'oe LOOP GATN ANF PraSE
CHGRSIRT(XCRReaCGROXCHTeXCG])

D~.u.AYA RO ALGRY /DT
LeOAAs2LelLURIN(XCHG/CGACE)
1 PmGEP=L HAePAG,

TR ¢ 0OPYLEQ,TY G0 10 4)19
ALPmA AFYEQ ALLEVIATIGW

B LIS UL LY YL POL Y RIRLAASORLY U LA A TS I

teddlEav(d)eordLeoy(4)
AL-lanaL ey, 'madve ) deds oY i)odaLbor(2)
Lo iFevid)eatibov(a)
YT 3011

ALFwaARLAN] (0032 500,008 ALF aX{1)oRALFeX(2)oAR LN S)oudLio(4)

l OAALAtl(5)-HALA.Ila)QAALﬂal(Y)-nALRoljdl

ALFImMAL e edalhe G, 3 banLF-l(1)0AAL’.I(2).~ALEOI’B)QAALrtl(A) oo

1 e38LA0K(S)eaA daX(m)edA HaX(T) oA HeX(8)

A-19
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400 3011 ALF43SORT (ALFR*ALFReALFI#ALFT)
G407 PrALFSATANG(ALFI,ALFR)/DTR
408 GFAX20%AL0G10(AMPF /ALFM)
409 GEE320%ALGG1O0(AMPE/ALFM)
410 LELAI20#ALOGIN(AMPA/ZALFYM)
4l GEBZ20+ALOG10(AMPL/ALFM)
41¢ EwFASP - AZFaPRAlF
413 BREASPHAJESPHALF
41y PrAAZFHALA@PHALF
415 PHABIPHAZR=PHALF
'SE-) XALFRSALFRwAALWN] JQ0eBALNN0 0
a7 XALFISALFI=BALN®] (0°8ALN*0,0
C OPEN LOOP GalM AND PHASE
air YALFSOGRT(XALFRaXALFR&XALFI*XALFI)
419 PRALXSATA" (XALFI,XALFR)}/DTR
420 LPGALS20*ALOGIO(XALF/ALFM)
421 LPHALSPHRALF ePRALX
w22 PRINT 63,A4PF,PHALF,AMPE ,PHAZE,AMPA,PHAZA, AP, PHAZB
4’3 PRINT 64,caRACC PHAZL,GFr,PRAZFCIGELPRAZEr,GAC/PHAZAC,GRC I PHALAL
1,LOGNC,LPPHC ”
424 PRINT 65,CGACC/PHCBA,GFCG/PHFCG,GECGIPHECG,GACGI/PHACG, GBCGPHBLG
_ 1, LPGNG, LPPHG N
425 PRINY 60,aLF*,PHALF,GFA,PHEA,GEE,PHEA,GEA,PHAL,GEB,PHAB
LoLPGALLPHAL
42s 86 FORVAT(/, 41X, *ALLEVIATED ALPHA *,F8,3,dX,'PHASE OF aLPmA’,
| FR,3/,1K,"FLAP GAIN’,F8,3,7X,°FLAP PHASE’,F8,3,20%,
2 PELEVATOR GAIN',FB,3,7X, ELEVATOR PHASE?,F8,8/7,1X,
3 %4y CYCLIC GAIN',FB,8,7X,°A1 CYCLIC PHASE® FB8 3,15X,
4 *81 CYCLIC GAIN',F8,3,7x,*B1 CYCLIC PHASE’,FB,3/
Se1X)*OPEN LNOP GAIN'/F8.3,7X,0PEN LOOP PHASE®,FB,.3)
427 PRINT 1000
428 60 T0 2002
429 END

A=-20
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aFxECUTE
43) SURRDUTINE Ml Uv{AsNyD,L M) MINY
a3y DIMENSION AC1),L(1),MC(1) MINV
X T D21,9 MINV
433 U TN MINV
34 N0 RO Kzl,N MINY
uss K EMK Py wivy
430 Lik)sK MINY
437 V(x) =K MINV
uds mK3vKeK MINV
433 31GA28(KK) MINY
440 o0 20 J3k, v MINV
44y 12zMa(Jje)) MINY
dde J0 20 ImK,n MINV
qul 1Js1Ze1] MINV
_du4y4 1y 1k AnS(BlGA)= AHS(A(TJ)Y)) 15,20,20 MINY
4ubs 15 31Gasa(lJ) MINV
LUy Lix)e] MINY
4u’ “(«)zJ MINY
44R 20 CNuTINUE MINV
449 Jzt (K) MIny
48y IF(Jex) 35,135,29 MINV
451 29 Klzxaiy MINV
CLY D0 80 I=f,N MINyY
L AL3KTeN mINY
4Sy HOLOz=A(K]) mIny
459 Jlaklex+] MINV
486 AeI)sA(JI) MIny
487 306 A(Jl) =mULD TNy
454 3S [sv(K) L3 ¢
489 o IF(lex) 45,4h,38 mINV
dev 34 JPaNne(l=]) MINY
4h ar a3 Jei, N MINY
ane L LA _ MInV
U4s s ) Ji=Jred mINV
4o HALD3eA(JK) Miny
J46S_ 0 Argm)zA(dr) MINY
uso 45 e ITY sRoLD MINV
4o’ a5 [F(RTGA) 4R, up 48 MINY
ubA 4 D3N, 0 . MINY
4869 «f TN MINY
47y PEED I U €S W MIny
_4ry o IF(lex) Su,58%,50 MINV
47¢ QY Juszine] MINY
4vs ArlkyzA([R)/(wB]34) MINy
L M7 8h CCNTINUE MInY
ars ARG T2T N MINY
W’ln ICE AT R MINV
_urr o HILN=A(IX) MINV
474 [Jatey MINV
479 00 o% J21,N mMINY
489 [ozTJeN mINY
WAy [E (1K) ®i,n5,80 B30T
1.7 hit IF(Jax) 82)h%,62 MINV
BLLE T 62 < Jxl jelex mInv
LT AT Y0 A (R *A(Ld) MINY
uas 65 COTIvuk MIny
48n LB LT MIvy!
T 4Ry NGERLSINT TN - - R % S T
YRR Iz Jey MYy,
A~21
GE 8
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489 {F(JeK) 70,75:70 MINV:
490 70 AtnJ)3A{KJ)/BIGA MINV
491 79 CONTINUE MINV:
_.be2  D30dIGA MINV
6d3 T A (k)21 0/RTGA MINY,
49y 8u CONTIMUE MINV,
499 KS\ MINV:
495 100 x3(Key) MINy:
497 IF(K) 150+150,105 MINV:
498 105 IsL(K) MINV
a9y T IF(1aX) 120,120,108 MINV
500 108 JAana(xe]) MINV:
501 JRzNa(]e]) MINV
502 DG 110 J=t,v MINV,
508 Jralosg “INV:
504 HOLDEA(JK) MINY
S0% JIzJR+J MINV
50n A(Jr)z=A(J]) mInv
$07 110 ACJI) =HOLD MINV
508 12v J2m(K) MINV
509 [F(Jex) 100,100,125 MINV-
_ 510 125 «laKeN MINV
911 0N 130 T=31,N MINY:
Si12 KI=<IeN MINy:
513 HOLDSA(K]) MINV:
514 JTaK [axe] MINV
S15% AtkI)x=a(J]) MINV:
_Ste_ 150 a(Jl) 3WOLD MINY:
S17 GQ TQ 100 MINV:
918 15) [ETILAN mINV:
_519% END MINY!
A=-22
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529 SUMRALUTINE “PRN(A, 8, R, ", 4g434,4SR,L) MPRD
521 OIVENSINN a(1),8(1),R(1) MPRD
S52¢2 v§sM3An10evSB MPRD
523 IF(5e22) $0,10,30 MPRD
524 10 20 20 1=l MPRD
52S 20 R(NI=A(I)eB (D) “PKD
Seb QETUL‘N MOQD
527 33 [R=y mPRD
528 c0 90 K=2i,L MPRD
529 .7 90 JslaN MPRD
S3u ~(IR)=V MPRD
531 vt R l=t.™ MPND
532 [F(MS) 40060,40 MPRD
933 4y CALL LUCGJ,I,14,%,M,184) MPRD
$34 CAoLL LOCKTI xsIB,yvyLaV3B) MPROD
%38 . _1F(1Aa) S0,80,50 MPRD
536 S0 [P (IR) 70,480,170 MPRD
537 ou [azha(l=l)e) MPRD
S35 [RAsMa(Ke]l)el MPRD
539 Tu REIR)=R(IR)+A(TA)*B(IR) MPRD
540 43 CONTINUE MPRD
o881 9y lRzlAsy MPRD
S42 RETURN MPRD
543 £41) MPRO
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564 SIBROUTINE LOC(1,J, IR, oM, ¥S) Loc
545 Ixe]l LoC
Séo Jxzd LoC
__ 547 1F(MSel) 10,20,30 L0C
S48 10 JRxansx(Jxel)e+lXx LO¢
949 GN T0 36 LOC
590 Py 1F(IxeJX) 22,24,24 LOC
551 22 lax3lxe(JxalxeJXx)/2 LocC
552 GO TD 36 Loc
953 2u IRxsJxe(lXaIXxelx)/e Loc
SS4 GN 10 3o Loc
549 33 1IRx=0 L0C
556 1 (Ix=JdX) 356,32,36 L0C
587 3¢ [AxsIx [N
558 36 IR3IRX LaC
5SSy RETURM Loc
Ye0 END LCC

A-24
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OUTPUT

..'.'QO'.Uta."l'.tt“.!!.'.i"Q'.O.Q.Qtt.!tt.ao'l..l...!‘.l!lt.i‘_ SARARONEEEANCEERRQREORRRSAARNNERAERAdNRRIAReNratdfaanacetadrtsd

susY Gust FLAP ELEV Al 81

FREC avpy AMpY AMPY, AMP| AMpy

0,500 S.000 1,000 0,500 0,250 0,250

4] LId PIR 1 PIR (238 PYR rYl A

0,800 0,000 0,800 0,000 0,800 0,000 0,800 0,000

CA8 RESP 1O GUST PITCH RESP YO GUST YoM, @ 10 GUST P,M, RESP YO GUSTY [Sp— “"

AMP PraSE AWPY PHASE AP omASE AMPY PHASE

0,190  eb0,300 0.100 2,000 189,0 309,000 2000,0 «120,000 ==

CAB RESP 15 BLAP PLICH RESP 10 § 8P YoMy O Y0 FL AP P,%, DUE 10 PLAP = S

AvP| PrasE AMPY PHASE WP PHASE AMPL PHASE -

0,000 =198,000 0,080 =2%50,000 100,0  *202,000 185,0 292,000

CAB QSP 70 ELEV P1TCH RESP TO ELEV YoMy D 10 plev P,M, DUE TO ELEV —

(L14% hudet 1 3 AMPL PHASE ANPL PrySE AMPL PHASE

0,180 «23,300 0,150 56,000 S06,0 28,000 16800,0 82,000

CAB RESP TO al PITCW RESP YO 41 Y,¥, RESPF YO al Py, RESP 10 Al

AwPL  PraSE 1118 PHASE ANPL PHASE AMPL PHASE

0,110 188,000 0,100 220,000 800,06 =340,000 600,0 272,000 - —

CA8 RES® 10 81 Plic™ RESP YO 81 YaMg DUE T B} PoM, DUE Y0 8%

AMPL  PmaASE AVP, PrRASE AP PraSE AP PrASE

0,120 28,008 0,090 70,000 150,0 248,000 1200,0 32,000

Co RESP YC G CG RESP YO FLAP  CG RESP O ELEV  €G RESP YO A1 CG RESP TO 8Y

ANPL PHASE AuRy PradE AMPL PHASE AMPY PrASE AMPL PHASE

0,130 eS8,0(> 0,000 196,000 0,200 w20,000 0,130 190,000 0,130 «32,000

ALF RESP YO G ALF RESP 10 FLAP ALE RESP 1O ELEV ALF RESP TO A1 ALF RESP YO BT

AP PHASE v PraSt AMPL PrasSt LY PHASE ANPY PHASE

0,800 256,770 0,109  wud, nno n,B00 %212,000 0,500 w24,000 0,800 #232,000

$1 263P O G __ Kl REIP 1D SLAM FZ RESP YO ELEV FT RESP 10 A 52 AESP YO B1

WP, Pmast Ava( PrASE anp( Prade [0 PRASE AwpT PRaSE

22000 0,000 0,000 04000 _ 0,000 0000 04000 0,000 92000 0,000

FY RESP 10 G FY RESP TC FLAP FY RERP YO RLEV FY RESP 10 Al FY RESP 10 @1

AMPL PuASE AV PHASE i paSE AvSy PruaSE AnPL PHASE

0,000 0,000 0,000 0,000 0,000 04600 04000 0,000 0,000 0,000

...l.".lll..'..l...'...."...'..‘.ll.'l'.‘.‘.......".I...I'I."'....'..l...l.‘."."Q."‘...I...;;;'.......'......'I.....';ltt.

A00000009280800080000A 080000000080 0000000000RYETPRRRREREENE 0 tadotetRaedttsienidereindsteeetnaeietenenfdteninesnetafetsetdieriosny

S00EE4 08060 RN SARCRQARRCRR000200ERCRCOIGRUNVORIARARSACRRQREe RN RaendddNtftdcdttstteteeetetiRtetoittagindntdtatinantitstotang

FLaP avd 0,9up “FLaP Pmalt el 1,978 ELEV avd 0,179 ELEV PuaSEel 71,257
Ay AMP 9,000 Ay PralE 0,000 By AMP 5,000 By PHASE 0,000
TLCEVIATED Ca® NORY ACEN 0,000 PrASE OF ACCN o06,000
FLAP GalN 17,348 FLAP PualE eq9,978 ELEVATOR Galn 2,880 ELEVATOR PuaSEe105,25)
Ay eveule GAlNey02,19) Ay _CYCLIC PHASE 06,000 B) CYCLIC GAINe102,19) 81 _CYCLic PHASE 86,000
OPEN LOCY GalN™ 12,041 GOEN L3770 peaSE  ud,000
ALLEVIAYED G ALC™ 0,006 PwASE OF ACCN oB7,829
T AN IYL, TS FLAP PRASE eTu, 140 ELEVAYOR GalN 0,680 ELEVAYOR Pradt g3, 024
Ay CYCLIC GAlneyoS, 78S AL CYCLIC PmASE  pY.32¢ BY CYCLIC GAINe10S,7ed A1 CYCLIC PRASE  aTv,82¢
OPEN LOCP GalN 10,821 OPEN LOOP _PwASE  42,39¢
ALLEVIATED aLPwa 0,101 PuaSE OF aLPma 18,289
FLAR GAIN  1%,e00 BLAP PnaSEe)N), 20} ELEVATOR GAIN 0,955  ELEVATOR PwaSte(de,si8
I TYELITCAThergu, 128 iy €veLTe PaaSESTH, 288 B1TYCLIe Talhertuyias e evelIE PRSE ST NS T T
OPEN LIJ® Galn 1,000 OPEN LOOP PwASt o) ,074

...'ltl.tii'...'...l.ill......ﬁl‘ll..'...‘.....I..ll.l..l....l'Q.I'IQ....‘l‘....'.‘Ql...ii..Ql.‘.‘ll..I'Ql'..I....‘.....i.'..ll.;
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D210-11231-1
Program to calculate open loop Bode diagram of gust alleviation

system with transfer functions selected to represent ideal

system.

2
:S_E g2 S +2€21w2is+w5i l+'!‘lis 1l
i

2 2 ' g2 2

i=F, E, Al and Bl refers to flap elevator and
A1 and B; cyclic

Modulus and phase of flap and elevator are evaluated at speci-

fied frequencies and response of sensed signal computed using

data bank information. The net response constitutes the open

loop gain and phase diagram.
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KASE NO
ALT
VKT
XCG
ZCG
FLPAMP
ELVAMP
AAMP
BAMP
Wwli
W2i
W3i
211

221

231

Tli
T2i

T3i

HERT?Z
AF

EPSF

EPSE

D210-11231-1
Indicator used to run multiple cases

Altitude in Feet

Velocity in Knots

Case Identification Only

CG Location Logitudinal

CG Location Verﬁical

Flap Amplitude in Degrees

Elevator Amplitude in Degrees

A Cyclic Amplitude in Degrees

B Cyclic Amplitude in Degrees

Washout Corner Frequency

Shaping Enumerator Corner Frequency
Shaping Denominator Corner Frequency
Fraction of Critical Damping in Washout

Fraction of Critical Damping in Shaping Function
Enumerator

Fraction of Critical Damping in Shaping Function
Denominator

Parameter of Lead-Lag Network
Parameter of Lead-Lag Network

Time Constant Representing Rate Limit of Control
Actuator

i=F, E, A;, By r.fers to Flap Elevator
and A; , By Cyclic

Frequency Range Covered

Cabin Acceleration Response to Flap

Cabin Acceleration Phase to Flap

Cabin Acceleration Response to Elevator

Cabin Acceleration Phase to Elevator

A-27



D210-11231-1

AA Cabin Acceleration Response to Al Cyclic

EPSA Cabin Acceleration Response to A, Cyclic

AB Cabin Acceleration Response to B, Cyclic

EPSB Cabin Acceleration Phase to B, Cyclic
A-28
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APPENDIX A - REFERENCES

A.1 DiStefano III, Stubberad and Williams, "Theory and Problems of
Feedback and Control Systems". Schaum's Outline Series, McGraw-

Hill Book Company, Inc., New York, 1967.
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APPENDIX B
FREQUENCY RESPONSE AND
GUST ALLEVIATION SYSTEM DATA
FOR
FORWARD AND AFT CENTER OF GRAVITY LOCATIONS
AT 240 KNOTS, 3049M (10,000 FEET)

5,909 Kg (13,000 LB) GROSS WEIGHT
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D210-11231-1

240 KNOTS, 3049M (10,000 rEET), FORWARD CG
wg = + 5 FT/SEC

0.5 iy
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d 10 4 .17
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.....
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ACCEL 0000 tataiepis gy A htiiog o > M (ROODRISN N &
RAD/SEC? a8 1219 AT A 5
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PHASE
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FREQUENCY - Hz

FIGURE B-l. FREQUENCY RESPONSE OF CABIN NORMAL .ND PITCH
ACCELERATIONS DUE TO VERTICAL GUST (240 KNOTS,
3049 METERS, FORWARD CG)
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FIGURE B-2.

240 KNOTS, 3049M (10,000 FZET),

wg = + 5 FT/SEC

D210-11231-1

FORWARD CG

......

.2 .4 .6 1.0 2.0
FREQUENCY - Hz

A
e P PR O P
J o

4.

" 300 -« 5.2

1 200 + 3.4

:4100 + 1.7

: PHASE

(DEGREES)

4+ .17

= 300 + 5.2

— ECLI I W

k- 200 + 1.7
PHASE

(DEGREES)
- 017

FREQUENCY RESPONSE OF NORMAL ACCELERATION AT CG
AND FUSELAGE ANGLE OF ATTACK DUE TO VERTICAL GUSTS

(240 KNOTS, 3049 METERS, FORWARD CG)
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240 KNOTS, 3049M (10,000 FEET), FORWARD CG
w. =5 FT/SEC

g
1500 g:ois L IR ORES
-"00 'r 5.2
=21 200 |
: (RAD)
1355 + 1000 |- 1100 b 1.7
My : PHASE
DEGREE
(FT-LBS) (DEGREES)
(N-m)
1354 100 L .17
1500
300 T 5.2
200 L3y
(RAD)
1355 + 1000 100 L 1.7
My
PHASE
(FT-LBS) (DEGREES)
(N-m)
135 + R L.
.6 1.0 17
FREQUENCY - Hz
FIGURE B-3. FREQUENCY RESPONSE OF ROTOR HUB MOMENTS
DUE TO VERTICAL GUSTS (240 KNOTS, 3049 METERS,
FORWARD CG)
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240 KNOTS, 3049M (10,000 FEET), FORWARD CG
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el 100 4
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FREQUENCY RESPONSE OF CABIN NORMAL AND PITCH
ACCELERATIONS DUE TO 6p (240 KNOTS, 3049 METERS,

FORWARD CG)
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240 KNOTS, 3049M (10,000 FEET), FORWARD CG

- 300 'r 5-2
200 + 3.4
(RAD)
0.1 j 100 T 1.7
NORMAL :
ACCEL PHASE
CG (DEGREES)
g's
b 017
=1 300 T 5.2
1200 t 3.4
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Sp
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.0017 Jb .01 - .17

.2 .4 .6 1.0 2.0 4.0
FREQUENCY - Hz

FIGURE B-5. FREQUENCY RESPONSE AT NORMAL ACCELERATION AT CG
AND FUSELAGE ANGLE OF ATTACK DUE TO §p

(240 KNOTS, 3049 METERS, FORWARD CG)
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300 T 5.2

200 + 3.4

el 100 1.7

PHASE
(DEGREES)

300 -~ 5.2

200 T+ 3.4

100 T 1.7

PHASE
(DEGREES)

FREQUENCY RESPONSE OF ROTOR HUB MOMENTS DUE
TO §p (240 KNOTS, 3049 METERS, FORWARD CG)
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240 KNOTS, 3049M (10,000 FEET), FORWARD CG

6e = + .5°
300 + 5.2
200 + 3.4
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100 L 1.7
PHASE
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J' 017
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.011 . . B o e PR PN ‘.... . ll,‘,, “.,ﬁ , ",‘ L .17

.2 .4 .6 1,0 2.0 4.0
FREQUENCY - Hz

FIGURE B-7. FREQUENCY RESPONSE OF CABIN NORMAL AND PITCH

ACCELERATIONS DUE TO Se (240 KNOTS, 3049
MCTERS, FORWARD CG)
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.01

FREQUENCY RESPONSE OF NORMAL ACCELERATION AT CG
AND FUSELAGE ANGLE OF ATTACK DUE TO &g

(240 KNOTS, 3049 METERS, FORWARD CG)
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240 KNOTS, 3049M (10,000 FEET), FORWARD CG
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300

=] 200 ]

100 1
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FIGURE B-9. FREQUENCY RESPONSE OF ROTOR HUB MOMENTS DUE
TO 6g (240 KNOTS, 3049 METERS, FORWARD CG)
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240 KNOTS, 3049M (10,000 FEET), FORWARD CG
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1,17
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FIGURE B-10. FREQUENCY RESPONSE OF CABIN NORMAL AND PITCH
ACCELERATIONS DUE TO A; CYCLIC (240 KNOTS,

3049 METERS, FORWARD CG)
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FIGURE B-11. FRECUDNCY RESPONSE OF NORMAL ACCELERATION AT CG
AND FUSTLAGE ANGLE OF ATTACK DUE TO A; CYCLIC
(240 KNOTS, 3049 METERS, FORWARD CG)
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240 KNOTS, 3049M (10,000 FEET), FORWARD CG
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FIGURE B-12. FREQUENCY RESPONSE OF ROTOR HUB MOMENTS
DUE TO Aj CYCLIC (240 KNOTS, 3049 METERS,
FORWARD C7)
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ACCELERATIONS DUE TO B; CYCLIC (240 KNOTS,

3049 METERS, FORWARD CG)
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FIGURE B-29, FRIQUENCY RESPONSE OF NJRMAL ACCELERATION AT
CG AND FUSELAGE ANGLE OF ATTACK DUE TO VERTI~-
CAL GUSTS (240 KNOTS, 3049 METERS, AFT CG)
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